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;  The  present  Tolnme  on  the  Anatomj  of  Invertebrated 
'  ATiimalB  fulfils  an  undertaking  to  produce  a  treatise  on 
-  comparative  anatomy  for  stndentS)  into  wliich  I  entered 
.  two-and-twentj  jears  aga    A  considerable  instalment  of 
the  work,  relating  wholly  to  the  Iwoertebraia,  appeared  in 
c  the  'Medical  Times  and  Gazette '  for  the  years  1856  and 
L  1857,  under  the  title  of  "  Lectures  on  General  Natural 
History.*'     But  a  variety  of  circumstancei  having  con- 
spired, about  that  time,  to  compel  me  to  direct  my  attention 
more  particularly  to  the  Vertebraia,  1  was  led  to  interrupt 
the  publication  ot  the  ''Lectures"  and  to  complete  the 
Vertebrate  half  ot  the  proposed  work  first.    This  appeared 
in  1871,  as  a  '  Manual   of  the  Anatomy  of  Yertebrated 
Animals  * 

A  period  of  incapacity  for  any  serious  toil  prevented  me 
horn  attempting,  before  1874,  to  grapple  with  the  immense 
mass  of  new  and  important  information  respecting  the 
structure,  and  especially  the  development,  of  Invertebrated 
Miimals,  which  the  activity  of  a  host  of  investigators  has 
accumulated  of  late  years. 

That  my  progress  has  been  slow  will  not  surprise  any 
one  who  is  acquainted  with  the  growth  of  the  literature 
of  animal  morphology,  or  with  the  expenditure  of  time 
involved  in  the  attempt  to  verify  for  oneself  even  the 
cardinal  facts  of  that  science ;  but  I  have  endeavoured,  in 
the   last  chapter,  to  supply  the  most  important  recent 
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additions  to  our  knowledge,  respecting  the  gronps  treated 
of  in  tliose  which  have  long  been  printed. 

When  I  commenced  this  work,  it  was  my  intention  to 
continue  the  plan  adopted  in  the  *  Manual  of  the  Anatomy 
of  Yertebrated  Animals,'  of  giving  a  summary  account  of 
what  appeared  to  me  to  be  ascertained  moi'phological  facts, 
without  referring  to  my  sources  of  information.  I  soon 
found,  however,  that  it  would  be  inconvenient  to  carry  out 
this  scheme  consistently ;  and  some  of  my  pag^s  are,  I  am 
afraid,  somewhat  burdened  with  notes  and  references. 

I  am  the  more  careftd  to  mention  this  circumstance  as, 
had  it  been  my  purpose  to  give  any  adequate  Bibliography, 
the  conspicuous  absence  of  the  titles  of  many  important 
1x>oks  and  Diemoirs  might  appear  unaccountable  and  indeed 
blameworthy. 

My  object,  in  writing  the  book,  has  been  to  make  it 
useful  to  those  who  wish  to  become  acquainted  with  the 
broad  outlines  of  what  is  at  present  known  of  the  morpho- 
logy  of  the  Iwoeriebraia ;  though  I  have  not  avoided  the 
incidental  mention  of  facts  connected  with  their  physiology 
and  their  distribution.  On  the  other  hand,  I  have  abstained 
from  discussing  questions  of  eetiology,  not  because  I  under- 
estimate their  importance,  or  am  insensible  to  the  interest 
of  the  great  problem  of  Evolution;  but  because,  to  my 
mind,  the  growing  tendency  to  mix  up  SBtiological  specula- 
tions with  morphological  generalisations  will,  if  unchecked, 
throw  Biology  into  confusion. 

For  the  student,  that  which  is  essential  is  a  knowledge 
of  the  facts  of  morphology ;  and  he  should  recollect  that 
generalisations  are  empty  formulas,  unless  there  is  some- 
thing in  his  personal  experience  which  gives  reality  and 
substance  to  the  terms  of  the  propositions  in  which  these 
generalisations  are  expressed. 
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The  diaaection  of  a  single  representatiYe  of  each  of  the 
principal  diTisions  of  the  Imjerkbraia  will  give  the  student 
a  more  real  acquaintance  with  their  comparatiTe  anatomy 
than  any  amount  of  reading  of  this,  or  any  other,  book. 
And  I  hare  endeaTonred  to  facilitate  practical  stndy  by 
supplying  a  somewhat  full  description  of  individual  forms, 
in  the  case  of  the  more  complicated  types. 

That  the  power  of  repeating  a  "Olassification  of  Animals," 
with  all  the  appropriate  definitions,  has  anything  to  do  with 
genuine  knowledge  is  one  ot  the  commonest  and  most 
miachievous  delusions  of  both  students  and  their  examiners. 
The  real  business  of  the  learner  is  to  gain  a  true  and 
vivid  conception  of  the  characteristics  of  what  may  be 
termed  the  natural  orders  of  animals.  The  mode  ol  arrange- 
ment, or  classification,  of  these  into  larger  groups  is  a  matter 
of   altogether   secondary  importance.     As  such,  I  have 
relegated  this  subject  to  a  subordinate  place  in  the  last 
chapter;   and  I  have  thought  it  unnecessary,  either  to 
discuss  the  systems  proposed  by  others,  or  to  give  reasons 
for  paasing  over,  in  silence,  my  own  former  attempts  in 
this  direction. 

Of  the  manifold  imperfections  in  the  execution  of  the 
task  which  I  have  set  myself,  few  will  be  more  sensible 
than  I  am ;  but  I  trust  that  the  book,  such  as  it  is,  may  be 
of  use  to  the  beginner. 

Those  who  desire  to  pursue  the  study  of  the  Inverkbrata 
further,  will  do  well  to  consult  the  excellent  treatises  of 
Von  Siebold,*  Gegenbaur,t  and  Glaus;;]:  and  the  elaborate 

*  '  Lehrbueh  der  vergleichenden  Anatomle  der  wirbelloien  Thiere.* 
1848.  One  of  the  beet  books  on  the  subject  ever  written,  and  still 
infitpenteble. 

t  '  GruttdsSgeder  vergleichenden  Anatomiey'  1870 ;  and  <  Grondriss 
der  vergleichenden  Anetomie,'  1874. 

I  *Gnuidsfige  der  Zoologie.'    Stte  Anflmge,  1876. 
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works  of  Milne^Edwards*  and  Broim,t  in  which  a  yery  full 
Bibliography  will  be  met  with.  Dr.  Bolleston's  valuable 
|<  Types  of  Animal  Life/  and  the  'Elementary  Instruction 
in  Practical  Biology,'  by  myself  and  Dr.  Martin,  will  prove 
useful  adjuncts  to  the  appliances  of  the  practical  worker. 

*  '  Le9oii8  SOT  la  Physiologie  et  rAnatomie  comparee  de  rhomme 
et  des  enimanx.'   Tomet  I.- XII.  (incomplete). 

t  '  Die  Klassen  und  Ordnttngen  des  Thierreichs.'  Bde.  I.-Vl.  (in- 
complete). 

LonHofij  June,  1877. 
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INTRODUCTION. 

OENSBAL  PKINCIFLES  OF  BIOLOGY. 

Ths  Biological  sciences  are  those  which  deal  with  the 

phenomena  manifested  by  liying  matter;  and  though  it 

is  customary  and  conyenient  to  group  apart  such  of  these 

I    phenomena  as  are  termed  mental,  and  such  of  them  as  are 

;   exhibited  hj  men  in  society,  under  the  heads  of  Psychology 

\   md  Sociology,  yet  it  must  be  allowed   that  no  natural 

boondazy  separates  the  subject  matter  of  the  latter  sciences 

from  that  of  Biology.    Psychology  is  inseparably  linked 

with  Physiology;  and  the  phases  of  social  life  ^chibited 

by  ami  mala  other  than  man,  which   sometimes  curiously 

foreshadow  human  policy,  fall  strictly  within  the  province 

of  the  biologist. 

On  the  other  hand,  the  biological  sciences  are  sharply 

marked  off  from  the  abiological,  or  those  which  treat  of 

the  phenomena  manifested  by  not-living  matter,  in  so  far 

as  tlie  properties  of  living  matter  distinguish  it  absolutely 

from  all  otilier  kinds  of  things,  and  as  the  present  state  of 

knowledge  furnishes  us  with  no  link  between  the  living 

and  the  not-living. 

These  distinctiye  properties  of  living  matter  are — 

L  Its  chemical  composition — containing,  as  it  invariably 

does,  one  or  more  forms  of  a  complex  compound  of  carbon, 

hydrogen*  oxygen,  and  nitrogen,  the  so-called  protein  (which 

has  never  yet  been  obtained  except  as  a  product  of  living 
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bodies)  xmited  with  a  large  proportion  of  water,  and  forming 
the  chief  constituent  of  a  substance  which,  in  its  primary 
unmodified  state,  is  known  as  protoplasm. 

2.  Its  wniversal  disintegration  and  waste  hy  ooeidation; 
and  its  concomitant  reintegration  hy  the  intussusception  of 
new  matter, 

A  process  of  waste  resulting  from  the  decomposition  of 
the  molecules  of  the  protoplasm,  in  virtue  of  which  they 
break  up  into  more  highly  oxidated  products,  which  cease 
to  form  any  part  of  the  living  body,  is  a  constant  con- 
comitant of  life.  There  is  reason  to  believe  that  carbonic 
acid  is  always  one  of  theSd  waste  products,  while  the  others 
contain  the  remainder  of  the  carbon,  the  nitrogen,  the 
hydrogen,  and  the  other  elements  which  may  enter  into 
the  composition  of  the  protoplasm. 

The  new  matter  taken  in  to  make  good  this  constant 
loss  is  either  a  ready-formed  protoplasmic  material,  supplied 
by  some  other  living  being,  or  it  consists  of  the  elements 
of  protoplasm,  united  together  in  simpler  combinations, 
which  consequently  have  to  be  built  up  into  protoplasm 
by  the  agency  of  the  living  matter  itself.  In  either  case, 
the  addition  of  molecules  to  those  which  already  existed 
takes  place,  not  at  the  surface  of  the  living  mass,  but  by 
interposition  between  the  existing  molecules  of  the  latter. 
If  the  processes  of  disintegration  and  of  reconstruction 
which  characterise  life  balance  one  another,  the  size  of  the 
mass  of  living  matter  remains  stationary,  while,  if  the  re- 
constructive process  is  the  more  rapid,  the  living  body  grows. 
But  the  increase  of  size  which  constitutes  growth  is  the 
result  of  a  process  of  molecular  intus-susception,  and  there- 
fore differs  altogether  from  the  process  of  growth  by  accre- 
tion, which  may  be  observed  in  crystals  and  is  effected 
purely  by  the  external  addition  of  new  matter — so  that,  in 
the  well-known  aphorism  of  LinnsBUS,*  the  word  "  grow," 
as  applied  to  stones,  signifies  a  totally  different  process  from 
what  is  called  "  growth"  in  plants  and  animals. 

*  *^  Lapidet  cte^xkiiii  vtgetabUia  ctestJxni  et  vivunt:  OHmafia  cres- 
cunty  vWunt  et  ientiunt." 
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3.  Its  tendency  io  undergo  eycUcal  changes. 

In  the  ordinary  coarse  of  nature,  all  living  matter  pro- 
ceeds from  pre-existing  Hving  matter,  a  portion  of  the  latter 
being  detached  and  acquiring  an  independent  existence. 
The  new  form  takes  on  the  characters  of  that  from  which 
it  arose;  exhibits  the  same  power  of  propagating  itself 
hy  means  of  an  offshoot;  and,  sooner  or  later,  like  its  pre- 
decessor, ceases  to  liye,  and  is  resolved  into  more  highly 
oxidated  oompoiinds  of  its  elements. 

Thus  an  individual  living  body  is  not  only  constantly 
changing  its  substance,  but  its  size  and  form  are  under- 
going continual  modifications,  the  end  of  which  is  the  death 
snd  decay  of  that  individu^ ;  the  continuation  of  the  kind 
being  secured  by  the  detachment  of  portions  which  tend 
to  run  through  the  same  cy«le  of  forms  as  the  parent.  No 
forms  of  matter  which  are  either  not  living,  or  have  not 
been  derived  from  living  matter,  exhibit  these  three  pro- 
perties, nor  any  approach  to  the  remarkable  phenomena 
defined  under  the  second  and  third  heads.  But  in  addi- 
tbn  to  these  distinctive  characters,  living  matter  has  some 
other  peculiarities,  the  chief  of  which  are  the  dependence 
of  all  its  activities  upon  moisture  and  upon  heat,  within 
a  limited  range  of  temperature,  together  with  the  fact  that 
ituanaUyposseasea  a  certain  structure,  or  organization. 

As  has  been  said,  a  large  proportion  of  water  enters  into 
the  oompoeition  of  all  living  matter ;  a  certain  amount  of 
drjing  arreste  vital  activity,  and  the  complete  abstraction 
of  this  water  ia  absolutely  incompatible  with  either  actual 
or  potential  Hf e.  But  many  of  the  simpler  forms  of  life 
may  undergo  desiccation  to  such  an  extent  as  to  arrest  their 
vital  manifestations  and  convert  them  into  the  semblance 
of  not-living  matter,  and  yet  remain  potentially  alive ;  that 
is  to  say,  on  being  duly  moistened  they  return  to  life  again. 
And  this  revivification  may  take  place  after  months,  or  even 
jean,  of  arrested  life. 

The  pTopertieB  of  living  matter  are  intimately  related  to 
temperature.  Not  only  does  exposure  to  heat  snf&cient  to 
decompose  protein  matter  destroy  Ufe,  by  demolishing  the 
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molecular  structure  upon  which  life  depends ;  but  all  vital 
activity,  all  phenomena  of  nutritive  growth,  movement* 
and  reproduction  are  possible  only  between  certain  limits 
of  temperature.  As  the  temperature  approaches  these 
limits  the  manifestations  of  life  vanish,  though  they  may  be 
recovered  by  return  to  the  normal  conditions;  but  if  it 
pass  far  beyond  these  limits,  death  takes  place. 

This  much  is  clear ;  but  it  is  not  easy  to  say  exactly 
what  the  limits  of  temperature  are,  as  they  appear  to  vary 
in  part  with  the  kind  of  living  matter,  and  in  part  with. 
the  conditions  of  moisture  which  obtain  along  with  the 
temperature.  The  conditions  of  life  are  so  complex  in 
the  higher  organisms,  that  the  experimental  investigation 
of  this  question  can  be  satisfactorily  attempted  only  in 
the  lowest  and  simplest  forms.  It  appears  thai^  in 
the  dry  state,  these  are  able  to  bear  far  greater  ex- 
tremes both  of  heat  and  cold  than  in  the  moist  condition. 
Thus  Pasteur  found  that  the  spores  of  fungi,  when  dry, 
could  be  exposed  without  destruction  to  a  temperature  of 
120°-126°  0.  (248°-257°  Fahr.),  while  the  same  spores, 
when  moist,  were  all  killed  by  exposure  to  100^  0.  (212^ 
Fahr.)  On  the  other  hand,  Cagniard  de  la  Tour  found 
that  dry  yeast  might  be  exposed  to  the  extremely  low 
temperature  of  solid  carbonic  acid  (—60°  0.  or  —76**  Fahr.) 
without  being  killed.  In  the  moist  state  he  found  that  it 
might  be  frozen  and  cooled  to  —5°  0.  (23''  Fahr.),  but  that 
it  was  killed  by  lower  temperatures.  However,  it  is  very 
desirable  that  these  experiments  should  be  repeated,  for 
Oohn's  careful  observations  on  Bacteria  show  that,  though 
they  fall  into  a  state  of  torpidity,  and,  like  yeast,  lose  all 
their  powers  of  exciting  fermentation  at,  or  near,  the 
freezing-point  of  water,  they  are  not  killed  by  exposure 
for  five  hours  to  a  temperature  below  —10°  0.  (14°  Fahr.) 
and,  for  some  time,  sinking  to  —18°  G.  (— 0°'4Fahr.)  Speci. 
mens  of  SpiriUtMn  volutans,  which  had  been  cooled  to  this 
extent,  began  to  move  about  some  little  time  after  the  ioe 
containing  them  thawed.  But  Oohn  remarks  that  E%tglen<B, 
which  were  frozen  along  with  them,  were  all  killed  and 
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disorganifled,  and  tbat  the  same  fate  had  befallen  the 
Ugher  Infiuana  and  Rotifera,  with  the  exception  of  some 
encysted  VorHcellcB^  in  which  the  rhythmical  movementa  of 
the  contractile  vesicle  showed  that  life  was  preserved. 

Thus  it  would  appear  that  the  resistance  of  living  matter 
to  cold  depends  greatly  on  the  special  form  of  that  matter, 
and  that  the  limit  of  the  Euglena,  simple  organism  as  it  is, 
18  much  higher  than  that  of  the  Bacteriwn. 

Considerations  of  this  kind  throw  some  light  npon  the 
Kpparentlj'  anomalous  conditions  nnder  which  many  of  the 
lower  plants,  such  as  Proioeoccus  and  the  DiaUynuicecRy  and 
some  of  the  lower  animals,  sach  as  the  Badiolaria,  are 
olMer?ed  to  flourislL  Protoeoecus  has  been  found,  not  only 
on  the  snows  of  great  heights  in  temperate  latitudes,  but 
eovering  extensive  areas  of  ice  and  snow  in  the  Arctic 
T^ODs,  where  it  must  be  exposed  to  extremely  low  tem- 
peratures,— ^in  the  latter  case  for  many  months  together; 
while  the  Arctic  and  Antarctic  seas  swarm  with  DiatomaceoB 
and  Badiolaria.  It  is  on  the  Diatomacece,  as  Hooker  has 
wdl  shown,  that  all  surface  life  in  these  regions  ultimately 
depends ;  and  their  enormous  multitudes  prove  that  their 
rate  of  multiplication  is  adequate  to  meet  the  demands 
made  upon  them,  and  is  not  seriously  impeded  by  the  low 
temperature  of  the  waters,  never  much  above  the  f reeziiig- 
point,  in  which  they  habitually  live. 

The  maximum  Umit  of  heat  which  living  matter  can 
resist  is  no  less  variable  than  its  minimum  limit.  Kiihne 
foond  that  marine  AmtxIbcB  were  killed  when  the  tempera- 
tare  reached  35°  0.  {96''  Fahr.),  while  this  vras  not  the 
case  with  fresh-water  AjncehoR,  which  survived  a  heat  of 
5^,  or  even  10^,  0.  higher.  Actinophrys  Eiehhomii  was  not 
killed  until  the  temperature  rose  to  44°  or  45°  G.  Didym/mn 
^erpula  is  killed  at  35°  0. ;  while  another  MyxofMfceie,  JBtha- 
livm  fep^teum,  succumbs  only  at  40°  0. 

Cohn  ("  Untersuchungen  iiber  Bacterien,''  Beitrdge  sur 
Biobgie  der  Pflamen,  Heft  2, 1872)  has  given  the  results  of 
a  aeries  of  experiments  conducted  with  the  view  of  ascer* 
taining  the  temperature  at  which  Baeteria  are  destroyed 
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'  in  a  fluid  of  definite  chemical  composition,  and 
ill  such  complications  as  must  arise  from  the 
of  physical  condition  when  solid  particles  other 
leteria  co-exist  with  them.  The  fluid  employed 
'1  gramme  potassium  phosphate,  0*1  gr.  crys- 
ignesium  sulphate,  0*1  gr.  tribasic  calcium, 
and  0*2  gr.  ammonium  tartrate,  dissolyed  in 
mtimetres  of  distilled  water.  If  to  a  certain 
:  this  "normal  fluid"  a  small  proportion  of 
ining  Bacteria  was  added,  the  multiplication  of 
» went  on  with  rapidity,  whether  the  mouth  of 
tiing  flask  was  open  or  hermetically  closed, 
ly-^ealed  flasks,  containing  portions  of  the 
d  infected  with  Bacteria^  were  submerged  in 
d  to  various  temperatures,  the  flask  being  care- 
I,  without  being  raised  out  ot  the  water,  durmg 
sace« 

t  was,  that  in  thoee  Aaaka  which  were  thus 
r  an  howr,  to  a  heat  of  e(y^2''  O.  (140°-143° 
3aeteria  underwent  no  development,  and  the 
yd  perfectly  clear.     On  the  other  band,  in 
menta  in  which  the  Basks  were  heated  only 
I  (104*^-122''  Fahr.),  the  £uid  became  turbid, 
of  the  mnlidplicaMoB  of  the  Bacteria,  in  the 
two  to  three  days. 

hahit  of  demonstrating  annually,  that  Pas- 
knd  hay  infusion,  after  £re  minutes'  boiUng 
T  stopped  with  cotton  wool,  remain  perfectly 
Tganisms,  however  long  they  may  be  kept.  f 

good  for  a  solution  analogous  to  Cohn's,  ' 

he  saline  ingredients  are  ammonia  salts  ;* 
ima  flourish  luxuriantly.  Prof .  Tyndall's 
periments  give  the  same  results  for  flmda 
:ae  composition.    The  cases  of  milk  and 
I  in  which  Bacteria  ax^  «si<WA  v^^^^^^^'^ 
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tbej  hare  been  heated  aboye  tihe   boiling-point,  leqnire 
renewed  inTestigation. 

Both  in  £nhne*8  and  in  Cohn's  experiments,  which  last 
hare  lately  been  confirmed  and  extended  by  Dr.  Boberts  of 
Manchester,  it  was  noted  that  long  exposure  to  a  lower 
t«mperatare  than  that  which  brings  about  immediate 
destruction  of  life,  produces  the  same  effect  as  short  ex- 
posure to  the  Litter  temperature.  Thus,  though  all  the 
Baeiaria  were  killed,  with  certaintj,  in  the  normal  fluid,  bj 
abort  exposure  to  temperatures  at  or  above  60°  C.  (140° 
Fahr.),  Cohn  observed  that,  when  a  flask  containing  in- 
fected normal  fluid  was  heated  to  50°-62°  C.  (122°-126° 
Fahr.)  for  onlj  an  hour,  the  consequent  multiplication 
of  the  Bacteria  was  manifested  much  earlier,  than  in  one 
vMch  had  been  exposed  for  two  hours  to  the  same  tempe- 
ntare. 

It  appears  to  be  Y&ry  generallj  held  that  the  simpler 
▼egetable  organisms  are  deprived  of  life  at  temperatures  as 
high  as  60°  0.  (140°  Fahr,) ;  but,  it  is  affirmed  by  competent 
observers,  that  Alga  have  been  found  living  in  hot  springs 
at  much  higher  temperatures,  namely,  from  168°  to  208° 
Fahr.,  for  which  latter  surprising  fact  we  have  the  high 
aathoritj  of  Desdoiseaux.  It  is  no  explanation  of  these 
phenomena,  but  only  another  mode  of  stating  them,  to  say 
that  these  organisms  have  become  "  accustomed "  to  such 
temperatures.  If  this  degree  of  heat  were  absolutely 
incompatible  with  the  activity  of  living  matter,  the  plants 
could  no  more  resist  it  than  they  could  become  "accus- 
tomed" to  being  made  red  hot.  Habit  may  modify  sub- 
sidiary, but  cannot  affect  fundamental,  conditions. 

Beoent  investigations  point  to  the  conclusion  that  the 
immediate  cause  of  the  arrest  of  vitality,  in  the  first  place, 
and  of  its  destruction,  in  the  second,  is  the  coagulation  of 
certain  substances  in  the  protoplasm,  and  that  the  latter 
contains  various  coagulable  matters,  which  solidify  at  dif- 
f ereat  temperatures.  And  it  remains  to  be  seen,  how  far  the 
death  of  any  form  of  living  matter,  at  a  given  temperature, 
depends  on  the  destruction  of  its  fundamental  substance 
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at  that  heat,  and  how  far  death  is  brought  about  bj  the 
coagulation  of  merely  accessory  compounds. 

It  may  be  safely  said  of  all  those  living  things  which 
are  large  enough  to  enable  us  to  trust  the  evidence  of 
microscopes,*  that  they  are  heterogeneous  optically,  and 
that  their  different  parts,  and  especially  the  surface  layer, 
as  contrasted  with  the  interior,  differ  physically  and  chemi- 
cally ;  while,  in  most  living  things,  mere  heterogeneity  is 
exchanged  for  a  definite  structure,  whereby  the  body  is 
distinguished  into  visibly  diverse  parfcs,  which  possess  dif- 
ferent powers  or  functions.    Living  things  which  present 
this  visible  structure  are  said  to  be  organised;    and  bo 
widely  does  organisation  obtain  among  living  beings,  that 
organised  and  living  are  not  unfrequently  used  as  if  they 
were  terms  of  co-extensive  applicability.    This,  however,  is 
not  exactly  accurate,  if  it  be  thereby  implied  that  all  living 
things  have  a  visible  organisation,  as  there  are  numerous 
forms  of  living  matter  of  which  it  cannot  properly  be  said 
that  they  possess  either  a  definite  visible  structure  or  per- 
manently specialised  organs :  though  doubtless,  the  simplest 
particle  of  living  matter  must  possess  a  highly  complex 
molecular  structure,  which  is  far  beyond  the  reach  of 
vision. 

The  broad  distinctions  which,  as  a  matter  of  fact,  exist 
between  every  known  form  of  living  substance  and  every 
other  component  of  the  material  world,  justify  the  sepa- 
ration of  the  biological  sciences  from  all  others.  But  it 
must  not  be  supposed  that  the  differences  between  living 
and  not-living  matter  are  such  as  to  bear  out  the  assump- 
tion that  the  forces  at  work  in  the  one  are  different  from 


*  In  considering  the  question 
of  the  complication  of  molecular 
structure  which  even  the  smallest 
and  simplest  of  living  beings  may 
possess,  it  is  well  to  recollect  that 
an  organic  particle  r^Ln  of  an 
inch  in  diameter,  in  which  our 
best  microscopes  may  be  incom- 
petent  to   reveal  the  slightest 


differentiation  of  parts,  may  be 
made  up  of  1,000,000  particles 
iDninoo  of  an  inch  in  diameter, 
wniie  the  molecules  of  matter  are 
probably  much  less  than  tooonw  ^^ 
an  inch  in  diameter.  Uence  in 
such  a  body  there  is  ample  scope 
for  any  amount  of  complexity  of 
molecular  struoturet 
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thoee  whicb  are  to  be  met  with  in  the  other.  Oonsidered 
apart  from  the  phenomena  of  conscioasness,  the  phenomena 
of  life  are  all  dependent  upon  the  working  of  the  same 
phyBieal  and  chemical  forces  as  those  which  are  active 
in  the  rest  of  the  world.  It  may  be  conyenient  to  use 
the  terms  *'  vitality  "  and  "  vital  force  '*  to  denote  the  causes 
of  certain  great  groups  of  natural  o]>erationB,  as  we  employ 
the  nam^es  of  **  electricity  "  and  "  electrical  force  "  to  denote 
others ;  bat  it  ceases  to  be  proper  to  do  so,  if  such  a  name 
implies  the  absurd  assumption  that  either  "  electricity  "  or 
''vitality'*  are  entities  playing  the  part  of  efficient  causes 
of  dectrical  or  vital  phenomena.  A  mass  of  living  proto- 
plasm is  simply  a  molecular  machine  of  great  complexity, 
the  total  results  of  the  working  of  which,  or  its  vital  pheno« 
mena,  depend,  on  the  one  hand,  upon  its  construction,  and, 
on  the  other,  upon  the  energy  supplied  to  it ;  and  to  speak 
of  **  vitality  "  as  anything  but  the  name  of  a  series  of  opera- 
tions is  as  if  one  should  talk  of  the  "  horologity  "  of  a  clock. 

Living  matter,  or  protoplasm  and  the  products  of  its 
metamoiphosiB,  may  be  regarded  under  four  aspects : — 

(1.)  It  has  a  certain  external  and  internal  form,  the 
latter  being  more  usually  called  structure ; 

(2.)  It  occupies  a  certain  position  in  space  and  in  time ; 

(3.)  It  is  the  subject  of  the  operation  of  certain  forces, 
in  virtue  of  which  it  undergoes  internal  changes,  modifies 
external  objects,  and  is  modified  by  them ;  and 

(4.)  Its  form,  place,  and  powers  are  the  effects  of  certain 


In  correspondence  with  these  four  aspects  of  its  subject, 
Biology  is  divisible  into  four  chief  subdivisions — I.    MoB- 

PHOLOOY;     n.    DlSTBIBUnOK;     III.    PHYSIOLOGY;     IV. 
.£nOLOOY. 

I.  MOBPHOLOGY. 

So  far  as  living  beings  have  a  form  and  structare,  they 
fall  within  the  province  of  Anatomy  and  Bitiology,  the 
latter  being  merely  a  name  for  that  ultimate  optical  analysis 
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of  living  structore  whioli  can  be  carried  out  onlj  by  the 
aid  of  the  microscope. 

And,  in  so  far  as  the  form  and  stractore  of  any  lining 
being  are  not  constant  daring  the  whole  of  its  existence, 
but  undergo  a  series  of  changes  from  the  commencement 
of  that  existence  to  its  end,  living  beings  have  a  Develop- 
ment.  The  history  of  development  is  an  account  of  the 
anatomy  of  a  living  being  at  the  successive  periods  of  its 
existence,  and  of  the  manner  in  which  one  anatomical  stage 
passes  into  the  next. 

Finally,  the  systematic  statement  and  generalisation  of 
the  facts  of  Morphology,  in  such  a  manner  as  to  arrange 
living  beings  in  groups,  according  to  their  degrees  of  like- 
ness, is  Tamononvy, 

The  study  of  Anatomy  and  Development  has  brought  to 
light  certain  generalisations  of  wide  applicability  and  great 
importance. 

1.  It  has  been  said  that  the  great  majority  of  living 
beings  present  a  very  definite  structure.  Unassisted  vision 
and  ordinary  dissection  suffice  to  separate  the  body  of  any 
of  the  higher  animals,  or  plants,  into  fabrics  of  different 
sorts,  which  always  present  the  same  general  arrangement 
in  the  same  organism,  but  are  combined  in  different  ways 
in  different  organisms.  The  discrimination  of  these  com- 
paratively few  fabrics,  or  Uaeues,  of  which  organisms  are 
composed,  was  the  first  step  towards  that  ultinxate  analysis  of 
visible  structure  which  has  become  possible  only  by  the  recent 
perfection  of  microscopes  and  of  methods  of  preparation. 

Histology,  which  embodies  the  results  of  this  analysis, 
shows  that  every  tissue  of  a  plant  is  composed  of  more  Or 
less  modified  structural  elements,  each  of  which  is  termed 
a  cell;  which  cell,  in  its  simplest  condition,  is  merely  a 
spheroidal  mass  of  protoplasm,  surrounded  by  a  coat  or  sac 
— ^the  ceU'WaU — which  contains  cellulose.  In  the  various 
tissues,  these  cells  may  undergo  innumerable  modifications 
of  form — ^the  protoplasm  may  become  differentiated  into  a 
nucleus  with  its  nucleolus,   a  primordial  utricle,  and  a 
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cant  J  filled  with  »  waterj  fluid,  and  the  oell-wall  may  be 
Tsrioiiaij  altered  in  composition  or  in  struoture,  or  may 
coalesce  with  others.  But,  however  extensiTe  these  changes 
maj  be,  the  fact  that  the  tissnes  are  made  up  of  morpholo- 
gieaUj  distinct  nnits — the  ceUs — ^remains  patent.  And,  if 
9BJ  doubt  could  exist  on  the  subject,  it  would  be  removed 
bj  the  study  of  development,  which  proves  that  every  plant 
commences  its  existence  as  a  simple  cell,  identical  in  its 
fondamental  characters  with  the  less  modified  of  those 
ceUs  of  which  the  whole  body  is  composed. 

But  it  is  not  necessary  to  the  morphological  unit  of  the 
plant  that  it  should  be  always  provided  with  a  cell- wall. 
Certain  plants,  such  as  Protococcue,  spend  longer  or  shorter 
periods  of  their  existence  in  the  condition  of  a  mere  spheroid 
of  protoplasm,  devoid  of  any  cellulose  wall,  while,  at  other 
tunes,  the  protoplasmic  body  becomes  enclosed  within  a 
cell-wall,  fabricated  by  its  superficial  layer. 

Therefore,  just  as  the  nucleus,  the  primordial  utricle, 
ukd  the  central  fluid  are  no  essential  constituents  of  the 
morphological  unit  of  the  plant,  but  represent  results  of 
its  metamorphosis,  so  the  cell- wall  is  equally  unessential ; 
and  either  the  term  ".cell "  must  acquire  a  merely  technical 
significance  as  the  equivalent  of  morphological  unit,  or 
some  new  term  must  be  invented  to  describe  the  latter. 
On  the  whole,  it  is  probably  least  inconvenient  to  modify 
the  sense  of  the  word  "  cell." 

The  histological  analysis  of  animal  tissues  has  led  to 
similar  results  and  to  difficulties  of  terminology  of  precisely 
the  same  character.  In  the  higher  animals,  however,  the 
modifications  which  the  cells  undergo  are  so  extensive, 
that  the  fact  that  the  tissues  are,  as  in  plants,  resolvable 
mto  an  aggregation  of  morphological  units,  could  never 
have  been  established  without  the  aid  of  the  study  of  de- 
Tdopment,  which  proves  that  the  animal,  no  less  than  the 
plant,  commences  its  existence  as  a  simple  cell,  fundament- 
ally identical  with  the  less  modified  cells  which  are  found 
in  the  tissues  of  the  adult. 

Though  the  nucleus  is  very  constant  among  animal  cells, 
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it  18  not  universally  present;  and  among  the  lowest  forms 
of  animal  life,  the  protoplasmic  mass  wUcli  represents  the 
morphological  unit  may  be,  as  in  the  lowest  plants,  devoid 
of  a  nucleus.    In  the  animal,  the  cell-wall  never  has  the 
character  of  a  shut  sac  containing  cellulose ;  and  it  is  not 
a  little  difficult,  in  many  cases,  to  say  how  much  of  the 
so-called  "cell-waH"  of  the  animal  cell  answers  to   the 
"primordial  utricle  "and  how  much  to  the  proper  "cellulose 
ceU-wall "  of  the  vegetable  cell.    But  it  is  certain  that  in 
the  animal,  as  in  the  plant,  neither  cell-wall  nor  nudens 
are  essential  constituents  of  the  cell,  inasmuch  as  bodies 
which  are  unquestionably  the  equivalents  of  cells — ^tme 
morphological  units-^may  be  mere  masses  of  protoplasm, 
devoid  alike  of  cell- wall  and  nucleus. 

For  the  whole  living  world,  then,  it  results: — ^that  the 
morphological  unit — the  primary  and  fundamental  form  of 
hie — is  merely  an  individual  mass  of  protoplasm,  in  which 
no  f  ui-ther  structure  is  discernible ;  that  independent  living 
forms  may  present  but  little  advance  on  this  structure; 
and  that  all  the  higher  forms  of  life  are  aggregates  of  such 
Lorphological  units  or  cells,  variously  modified. 

Moreover,  all  that  is  at  present  known  tends  to  the  con- 
clusion, that,  in  the  complex  aggregates  of  such  units  of 
which  all  the  higher  animals  and  plants  consist,  no  cell  has 
arisen  otherwise  than  by  becoming  separated  from  the  pro- 
toplasm of  a  pre-existing  cell ;  whence  the  aphorism  "  Omnis 
ceUiUa  e  eelliUd" 

It  may  further  be  added,  as  a  general  truth  applicable 
to  nucleated  cells,  that  the  nucleus  rarely  undergoes  any 
considerable  modification,  the  structures  characteristic  of 
the  tissues  being  foiTied  at  the  expense  of  the  more  saper« 
ficial  protoplasm  of  the  cells;  and  that,  when  nucleated 
cells  divide,  the  division  of  the  nucleus,  as  a  rule,  precedes 
that  of  the  whole  cell. 

L  In  the  course  of  its  development  every  cell  proceeds 
from  a  condition  in  which  it  closely  resembles  every  other 
cell,  through  a  series  of  stages  of  gradually  increasing 
divergence,  xmtil  it  reaches  that  condition  in  which  it 
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preeentB  the  charactadfltic  features  of  the  elements  of  a 
ipeeial  tisBae.  The  derelopment  of  the  oell  is  therefore  a 
g;ndual  progress  ^rom  the  general  to  the  special  state. 

The  like  holds  good  of  the  development  of  the  hodj  as  a 
whole.  Howereor  complicated  one  of  the  higher  ftTiimali^  or 
plants  may  be,  it  begins  its  separate  existence  under  the 
form  of  a  nucleated  oelL  This,  by  division,  becomes  con- 
Terted  into  an  aggregate  of  nucleated  cells:  the  parts  of 
thia  aggregate*  following  different  laws  of  growth  and 
multiplication,  give  rise  to  the  mdiments  of  the  organs ; 
and  the  parts  of  these  mdiments  again  take  on  those  modes 
of  growth  multiplication  and  metamorphosiB  which  are 
needful  to  con^^ert  the  radiment  into  the  perfect  structure. 

The  developinent  of  the  organism  as  a  whole,  therefore, 
repeats  in  principle  the  development  of  the  cell.  It  is  a 
progress  from  a  general  to  a  special  form,  resulting  from 
the  gradual  differentiation  of  the  primitively  similar  mor- 
phological units  of  which  the  body  is  composed. 

Moreover,  when  the  stages  of  development  of  two 
animals  are  compared,  the  number  of  these  stages  which 
are  similar  to  one  another  is,  as  a  general  rule,  proportional 
to  the  closeness  of  the  resemblance  of  the  adult  forms; 
whence  it  follows  that  the  more  closely  any  two  animals  are 
allied  in  adult  structure,  the  later  are  their  embryonic 
conditions  distinguishable.  And  this  general  rule  holds  for 
plants  no  less  than  for  animals. 

The  broad  principle,  that  the  form  in  which  the  more 
complex  living  things  commence  their  development  is 
alwajs  the  same,  was  first  expressed  by  Harvej  in  his 
famous  aphorism  "  Omne  vivum  ex  ovo'*  which  was  intended 
simply  as  a  morphological  generalisation,  and  in  no  wise 
implied  the  rgection  of  spontaneous  generation,  as  it  is 
commonly  supposed  to  do.  Moreover,  Harvey's  study  of 
the  development  of  the  chick  led  him  to  promulgate  that 
theoiy  of  "  epigenesis,"  in  which  the  doctrine  that  develop- 
ment is  a  progress  from  the  general  to  the  special  is 
implicitly  contained. 

Caspar  F.  Wolff  furnished  fui-ther,  and  indeed  conclu- 
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eive,  proof  of  the  truth  of  the  theoiy  of  epigeneais :  but, 
unfortunately,  the  authority  of  Haller  and  the  speculations 
of  Bonnet  led  science  astray,  and  it  was  reserved  for  Yon. 
Baer  to  put  the  nature  of  the  process  of  development  in  its 
true  light,  and  to  formulate  it  in  his  famous  law. 

3.  Development,  then,  is  a  process  of  di£ferentiation  by 
which  the  primitively  similar  parts  of  the  living  body 
become  more  and  more  unlike  one  another. 

This  process  of  differentiation  may  be  effected  in  sever&l 
ways. 

(1.)  The  protoplasm  of  the  germ  may  not  undergo  divi- 
sion and  conversion  into  a  cell  aggregate ;  but  various  parts 
of  its  outer  and  inner  substance  may  be  metamoiphosed 
directly  into  those  physically  and  chemically  different 
materials  which  constitute  the  body  of  the  adult.  This 
occurs  in  such  animals  as  the  Infusoria,  and  in  such  plants 
as  the  unicellidar  Algce  and-  Fwngi. 

(2.)  The  germ  may  undergo  division,  and  be  converted 
into  an  aggregate  of  division  masses,  or  hUuiomieres,  which 
become  cells  and  give  rise  to  the  tissues  by  undergoing  a 
metamorphosis  of  the  same  kind  as  that  to  which  the  whole 
body  is  subjected  in  the  preceding  case. 

The  body,  formed  in  either  of  these  ways,  may,  as  a  whole, 
undergo  metamorphosis  by  differentiation  of  its  parts ;  and 
this  differentiation  may  take  place  without  reference  to  any 
axis  of  symmetry,  or  it  may  have  reference  to  such  an  axis. 
In  the  latter  case,  the  parts  of  the  body  which  become  dis- 
tinguishable may  correspond  on  the  two  sides  of  the  axis 
(bilateral  symmetry),  or  may  corre6i)ond  along  several  lines 
parallel  with  the  axis  (radial  symmetry). 

The  bilateral  or  radial  symmetry  of  the  body  may  be 
further  complicated  by  its  segmentation,  or  separation  by 
divisions  transverse  to  the  axis,  into  parts,  each  of  which 
corresponds  with  its  predecessor  or  successor  in  the  series. 

In  the  segmented  body,  the  segpments  may  or  may  not 
give  rise  to  symmetrically  or  asymmetrically  disposed  pro- 
cesses, which  are  appendages,  using  that  word  in  its  most 
general  sense. 
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And  the  highest  degree  of  complication  of  structnre,  in 
both  animala  and  plants,  is  attained  bj  the  body  when  it 
beeomee  divided  into  segments  proyided  with  appendages ; 
wben  the  s^^ents  not  onlj  become  veiy  different  from  one 
another,  bat  some  coalesce  and  lose  their  primitive  distinct- 
new;  and  when  the  appendages  and  the  segments  into 
wbieh  they  are  sabdivided  similarly  become  differentiated 
and  coalesce. 

It  is  in  virtue  of  such  processes  that  the  flowers  of 
plants,  and  the  heads  and  limbs  of  the  Arthropoda  and  of 
the  Veriebraki,  among  animals,  attain  their  extraordinary 
direrrily  and  complication  of  stmcture.  A  flower-bad  is  a 
segmented  body  or  axis,  with  a  certain  namber  of  whorls 
of  appendages ;  and  the  perfect  flower  is  the  resnlt  of  the 
gradual  differentiation  and  conflaence  of  these  primitively 
nmilar  segments  and  their  appendages.  The  head  of  an 
insect  or  of  a  crastacean  is,  in  like  manner,  composed  of  a 
nnmher  of  segments,  each  with  its  pair  of  appendages, 
wbich  by  differentiation  and  conflaence  are  converted  into 
the  f eders  and  varioasly  modified  oral  appendages  of  the 
adnlt 

In  some  complex  organisms,  the  process  of  differentiation, 
by  which  they  pass  from  the  condition  of  aggregated 
emhiyo  ceUs  to  the  adolt,  can  be  traced  back  to  the  laws 
of  growth  of  the  two  or  more  cells  into  which  the  embiyo 
oell  is  divided,  each  of  these  cells  giving  rise  to  a  particolar 
portion  of  the  adalt  organism.  Thas  the  fertilised  embryo 
cell  in  the  archegoninm  of  a  fern  divides  into  foar  ceUs,  one 
of  which  gives  rise  to  the  rhizome  of  the  yoong  fern,  another 
to  its  first  'rootlet,  while  the  other  two  are  converted  into 
a  placenta-like  mass  which  remains  imbedded  in  the  pro- 
thaUas. 

The  strooture  of  the  stem  of  Chora  dei>ends  apon  the 
different  properties  of  the  cells,  which  are  saccessively 
deriTed  by  transverse  division  from  the  apical  cell.  An 
iaier-nodal  cell,  which  elongates  greatly,  and  does  not 
diride,  is  sacceeded  by  a  nodal  cell,  which  elongates  but 
little,  and  becomes  greatly  sabdivided;  this  by  another 
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inter-nodal  cell,  and  bo  on  in  regular  alternation.  In  the 
same  way  the  stmctore  of  the  stem,  in  all  the  higher  plants, 
depends  npon  the  laws  which  govern  the  manner  of  diyision 
and  of  metamoiphosis  of  the  apical  ceUs,  and  of  their  con- 
tinuation in  the  cambiwm  layer. 

In  all  animalB  which  consist  of  cell-aggregates,  the  cells 
of  which  the  embryo  is  at  first  composed  arrange  them- 
selves by  the  splitting,  or  by  a  process  of  invagination,  of 
the  blastoderm  into  two  layers,  the  epibhst  and  the  hypo^ 
blast,  between  which  a  third  intermediate  layer,  the  meso* 
hlastf  appears ;  and  each  layer  gives  rise  to  a  definite  group 
of  organs  in  the  adult.  Thus,  in  the  Vertsbrala,  the  epiblast 
gives  rise  to  the  cerebro-spinal  axis,  and  to  the  epidermis 
and  its  derivatives ;  the  hypoblast,  to  the  epithelium  of  the 
alimentary  canal  and  its  derivatives;  and  the  mesoblast, 
to  intermediate  structures.  The  tendency  of  recent  in- 
quiry is  to  prove  that  the  several  layers  of  the  germ  evolve 
analogous  organs  in  invertebrate  animals,  and  to  indicate 
the  possibility  of  tracing  the  several  germ  layers  back  to 
the  blastomeres  of  the  yelk,  from  the  subdivision  of  which 
they  proceed. 

It  is  conceivable  that  all  the  forms  of  life  should  hare 
presented  about  the  same  differentiation  of  structure,  and 
should  have  differed  from  one  another  by  superficial  charac- 
ters, each  form  passing  by  insensible  gradations  into  those 
most  Uke  it.  In  this  case  Taxonomy,  or  the  classification 
of  morphological  facts,  would  have  had  to  confine  itself  to 
the  formation  of  a  serial  arrangement,  representing  the 
serial  gradation  of  these  forms  in  nature. 

It  is  conceivable,  again,  that  Uving  beings  should  have 
differed  as  widely  in  structure  as  they  actually  do,  but  that 
the  interval  between  any  two  extreme  forms  should  have 
been  filled  up  by  an  unbroken  series  of  gradations;  in 
which  case,  again,  classification  could  only  effect  the  forma- 
tion of  series — the  strict  definition  of  groups  woidd  be  as 
impossible  as  in  the  former  case. 

As  a  matter  of  fact,  living  beings  differ  enormously,  not 
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<mtj  in  diiFerentiaiion  of  stractore,  but  in  the  modes  in 
wiiicii  that  differentiation  is  brought  about ;  and  the  in- 
terrals  between  extreme  forms  are  not  £Qled  np,  in  the 
existmg  world,  bj  complete  series  of  gradations.  Hence  it 
arises  that  liTxng  beings  are»  to  a  great  extent,  susceptible 
of  Hswrifioation  into  groups,  the  members  of  each  group 
resembling  one  another,  and  differing  from  all  the  rest,  by 
oertain  definite  peculiarities. 

No  two  living  beings  are  exactly  alike,  but  it  is  a  matter 
d  obserration  tbat»  among  the  endless  dirersities  of  Hiring 
things,  some  oonstantiy  resemble  one  another  so  closely 
tiiat  it  is  impossible  to  draw  any  line  of  demarcation 
l^etveen  them,  while  they  differ  oUy  in  such  characters  as 
are  anodated  with  sex.  Such  as  thus  closely  resemble  one 
another  oonstitiite  a  morphological  speeiea ;  while  different 
morphological  species  are  defined  by  constant  characters 
wbidi  are  not  merely  sexual. 

The  oompanson  of  these  lowest  groups,  or  morphological 
sgeaea,  with  one  another,  shows  that  more  or  fewer  of 
them  possess  some  character  or  characters  in  common — 
some  feature  in  which  they  resemble  one  another  and  differ 
from  all  other  species — and  the  group  or  higher  order  thus 
formed  is  a  geniu.  The  generic  groups  thus  constituted 
are  susceptible  of  being  arranged  in  a  similar  manner  into 
groaps  of  sacceesiyely  higher  order,  which  are  known  as 
famHies,  orders,  clasges,  and  the  like. 

The  method  pursued  in  the  classification  of  living  forms 
ift.  in  fact,  exactly  the  same  as  that  followed  by  the  maker 
ot  an  index  in  working  out  the  heads  indexed.  In  an 
alphabetical  arrangement,  the  classification  may  be  truly 
termed  a  morphological  one,  the  object  being  t6  put  into 
doae  relation  all  those  leading  words  which  resemble  one 
another  in  the  arrangement  of  their  letters,  that  is,  in  their 
form,  and  to  keep  apart  those  which  differ  in  structure. 
Headings  which  begin  with  the  same  word,  but  differ  other- 
▼ise,  might  be  compared  to  g^era  with  their  species ;  the 
)?toap8  of  words  with  the  same  first  two  syllables  to 
{amihes;  those  with  identical  first  syllables  to  orders  ;  and 
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those  with  the  same  initial  letter  to  classes.  But  there  is 
this  difference  between  the  index  and  the  Tazonoinic 
arrangement  of  living  forms,  that  in  the  former  there  ia 
nothing  but  an  arbitrary  relation  between  the  yarlona 
classes,  while,  in  the  latter,  the  classes  are  similarly  capable 
of  co-ordination  into  larger  and  larger  groups,  nntil  all 
are  comprehended  under  the  common  definition  of  Hving 
beings. 

The  differences  between  "  artificial "  and  "  natural "  clas- 
sifications are  differences  in  degree,  and  not  in  kind.  In 
each  case  the  classification  depends  upon  likeness ;  but  in  an 
artificial  classification  some  prominent  and  easily  obsenred 
f  eatore  is  taken  as  the  mark  of  resemblance  or  dissemblance ; 
while,  in  a  natural  classification,  the  things  classified  are 
arranged  according  to  the  totality  of  their  morphological 
resemblances,  and  the  features  which  are  taken  as  the  marks 
of  groups  are  those  which  hare  been  ascertained  by  ob- 
servation to  be  the  indications  of  many  likenesses  or  un- 
likenesses.  And  thus  a  natural  classification  is  a  great 
deal  more  than  a  mere  index.  It  is  a  statement  of  the 
marks  of  similarity  of  organisation ;  of  the  kinds  of  struc- 
ture which,  as  a  matter  of  experience,  are  found  universally 
associated  together;  and,  as  such,  it  furnishes  the  whole 
foundation  for  those  indications  by  which  condusions  as  to 
the  nature  of  the  whole  of  an  animal  are  drawn  from  a 
knowledge  of  some  part  of  it. 

When  a  palseontologist  argues  from  the  characters  of  a 
bone  or  of  a  shell  to  the  nature  of  the  animal  to  which 
that  bone  or  shell  belonged,  he  is  guided  by  the  empirical 
morphological  laws  established  by  wide  observation,  that 
such  a  kind  of  bone  or  shell  is  associated  with  such  and 
such  structural  features  in  the  rest  of  the  body,  and  no 
others.  And  it  is  these  empirical  laws  which  are  embodied 
and  expressed  in  a  natural  classification. 
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II.  DiST&IBIJTION. 

lAmg  beings  oocapj  oertain  portionB  of  the  surface  of 
the  eaiih,  inliabitmg  either  the  dry-  land,  or  the  fresh  or 
alt  waters ;  or  being  competent  to  maintain  their  existence 
in  either.  In  any  giren  localitj,  it  is  f onnd  that  Uiese 
different  media  are  inhabited  by  different  kinds  of  living 
beiogs;  and  that  the  same  medimn,  at  different  heights 
in  the  air  and  at  different 'depths  in  the  water,  has  dif- 
ferent liying  inhabitants. 

Horeorer,  the  living  populations  of  localities  which  differ 
<^<nigidefaUy  in  latitude,  and  hence  in  dimate,  always  pre- 
sent considerable  differences.  But  the  converse  proposition 
is  not  tne;  that  is  to  say,  localities  which  differ  in  longi- 
tude, even  if  they  resemble  one  another  in  climate,  often 
^▼e  very  A'agitnilM'  FaunoR  and  FlorcB. 

It  has  been  discovered  by  careful  comparison  of  local 
Faons  and  FIotsb,  that  certain  areas  of  the  earth's  surface 
are  inhabited  by  groups  of  animals  and  plants  which  are 
not  foimd  elsewhere,  and  which  thus  characterize  each  of 
these  areas.  Such  areas  are  termed  Prornneea  of  DigtribU' 
^vm.  There  is  no  parity  between  these  provinces  in  extent, 
nor  in  the  physical  configuration  of  their  boundaries ;  and, 
^  reference  to  existing  conditions,  nothing  can  appear  to 
^  more  arbitrary  and  capricious  than  the  distribution  of 
limg  beings. 

The  study  of  distribution  is  not  confined  to  the  present 
order  ol  nature ;  but,  by  the  help  of  geology,  the  naturalist 
is  enabled  to  obtain  clear,  though  too  fragmentary,  evidence 
of  the  characters  of  the  f aune  and  florsB  of  antecedent 
epochs.  The  remains  of  organisms  which  are  contained 
ui  the  stratified  rocks  prove  that,  in  any  given  part  of  the 
^^rth's  snrface,  the  living  population  of  earlier  epochs  was 
Cerent  from  that  which  now  exists  in  the  locality ;  and 
that,  on  the  whole,  the  difference  becomes  greater  the 
'vtherwe  go  back  in  time.  The  organic  remains  which 
are  foand  in  the  later  Cainosoie  deposits  of  any  district 
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are  always  doselj  allied  to  those  now  found  in  the  province 
of  distribution  in  which  that  localitj  is  included;  while  in 
the  older  Gainozoic  the  resemblance  is  less;  and  in  the 
Mesozoic,  and  the  Pal^Bozoic  strata,  the  fossils  may  be  simi- 
lar to  oteatures  at  present  living  in  some  other  province, 
or  may  be  altogether  unlike  any  which  now  exist. 

In  any  given  locality,  the  succession  of  living  forms 
may  appear  to  be  interrupted  by  numerous  breaks — ^the 
associated  species  in  each  fossiliferous  bed  being  quite 
distinct  from  those  above  and  those  below  them.  But  the 
tendency  of  all  palseontological  investigation  is  to  show 
that  these  breaks  are  only  apparent,  and  arise  from  the 
incompleteness  of  the  series  of  remains  which  happens  to 
have  been  preserved  in  any  given  locality.  As  the  area 
over  which  accurate  geological  investigations  have  been 
carried  on  extends,  and  as  the  f ossilif erous  rocks  found  in 
one  locality  fill  up  the  gaps  left  in  another,  so  do  the  abrupt 
demarcations  between  the  f aimsa  and  florae  of  successive 
epochs  disappear — a  certain  proportion  of  the  genera  and 
even  of  the  species  of  every  period,  great  or  small,  beings 
found  to  be  continued  for  a  longer  or  shorter  time  into  the 
next  succeeding  period.  It  is  evident,  in  fact,  that  the 
changes  in  the  living  population  of  the  globe  which  have 
taken  place  during  its  history,  have  been  effected,  not  by 
the  sudden  replaycement  of  one  set  of  living  beings  by 
another,  but  by  a  process  of  slow  and  gradual  introduc- 
tion of  new  species,  accompanied  by  the  extinction  of  the 
older  forms. 

It  is  a  remarkable  circumstance,  that,  in  all  parts  of  the 
globe  in  which  f ossilif  ^x>us  rocks  have  yet  been  examined, 
the  successive  terms  of  the  series  of  living  forms  which 
kave  thus  succeeded  one  another  are  analogous.  The  life 
of  the  Mesozoic  epoch  is  everywhere  characterised  by  the 
abundance  of  some  gproups  of  species  of  which  no  trace  is 
to  be  found  in  either  earlier  or  later  formations ;  and  the 
like  is  true  of  the  Paheozoic  epoch.  Hence  it  follows,  not 
only  that  there  has  been  a  suooession  of  species,  but  that 
the.general  nature  of  thatsuocession  has  been  the  some  all 
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oTor  the  globe;  and  it  is  on  this  groimd  that  fossils  are 
•0  in^oitaiit  to  the  geologist  as  marks  of  the  relatiye  age 
ofrodka. 

The  determination  of  the  morphological  relations  of  the 
spedes  which  have  tlms  sacceeded  one  another  is  a  problem 
of  prafoond  importance  and  difficulty,  the  solution  of  which, 
liowever,  is  abnead j  dearly  indicated.  For,  in  several  cases, 
it  is  possible  to  show  that,  in  the  same  geogn^Ahical  area,  a 
foim  A,  which  existed  during  a  certain  geological  epoch, 
Itti  been  replaced  by  another  form  B,  at  a  later  period; 
snd  that  this  form  B  has  been  replaced,  still  later,  by  a 
tiiird  form  O.  When  these  forms.  A,  B,  and  C,  are  com- 
pared together  they  are  found  to  be  organised  upon  the 
aine  plan,  and  to  be  very  similar  even  in  most  of  the  de- 
Uils  of  their  structure;  but  B  differs  from  A  by  a  slight 
modification  of  some  of  its  parte,  which  modification  is 
carried  to  a  still  greater  extent  in  C. 

In  other  words,  A,  B,  and  C  differ  from  one  another  in 
the  same  fashion  as  the  earlier  and  later  stages  of  the 
emhryoof  the  same  animals  differ;  and,  in  successiTe  epochs, 
we  have  the  group  presenting  that  progressiTe  specialisa- 
tion which  characterises  the  development  of  the  individuaL 
Clear  evidence  that  this  progressive  specialisation  of 
stroctore  has  actually  occurred  has  as  yet  been  obtained  in 
only  a  few  cases  [e.g.,  Equdda,  CroeodUia),  and  these  are 
confined  to  the  highest  and  most  complicated  forms  of 
life;  while  it  is  demonstrable  that,  even  as  reckoned  by 
gecdogical  time,  the  process  must  have  been  exceedingly 
alow. 

Among  the  lower  and  less  complicated  forms,  the  evi- 
nce of  progressiye  modification,  furnished  by  compari- 
wn  of  the  oldest  with  the  latest  forms,  is  slight,  or  absent ; 
sod  some  of  these  haye  certainly  persisted,  with  very  little 
change,  from  extremely  ancient  times  to  the  present  day. 
It  is  as  imxK>rtant  to  recognise  the  fact  that  certain  forms 
of  life  have  thus  pennsted,  as  it  is  to  admit  that  others  have 
nadergone  progressive  modification. 

It  has  been  said  that  the  successive  terms  in  the  series 
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of  living  forms  are  analogoua  in  all  parte  of  the  globe. 
But  the  speoies  which  constitute  the  corresponding  or 
homoieurie  terms  in  the  series,  in  different  localities,  are  not 
identical.  And,  though  the  imperfection  of  our  knowledge 
at  present  precludes  positive  assertion,  there  is  every  reason 
to  believe  Uiat  geographical  provinces  have  existed  through- 
out the  period  during  which  organic  remains  furnish  us 
with  evidenice  of  the  existence  of  life.  The  wide  distribu- 
tion of  certain  Palieozoic  forms  does  not  militate  against 
this  view ;  for  the  recent  investigations  into  the  nature  of 
the  deep<sea  fauna  have  shown  that  numerous  Orudacea^ 
Echynadermaia,  and  other  invertebrate  animals,  have  as 
wide  a  distribution  now  as  their  analogues  possessed  in  the 
Silurian  epoch. 

m.  PHTSIOLOaT. 

Thus  far,  living  beings  have  been  regarded  merely  as 
definite  forms  of  matter,  and  Biology  has  presented  no 
considerations  of  a  different  order  from  those  which  meet 
the  student  of  Mineralogy.  But  living  things  are  not  only 
natural  bodies,  having  a  definite  form  and  mode  of  struc- 
ture, growth,  and  development.  They  are  machines  in 
action ;  and,  under  this  aspect,  the  phenomena  which  they 
present  have  no  parallel  in  the  mineral  world. 

The  actions  of  living  matter  are  termed  its  functions ; 
and  these  functions,  varied  as  they  are,  may  be  reduced  to 
three  categories.  They  are  either — (1),  functions  which 
affect  the  material  composition  of  the  body,  and  determine 
its  mass,  which  is  the  balance  of  the  processes  of  waste  on 
the  one  hand  and  those  of  assimilation  on  the  other.  Or 
(2),  they  are  functions  which  subserve  the  process  of  re- 
production, which  is  essentially  the  detachment  of  a  part 
endowed  with  the  power  of  developing  into  an  independent 
whole.  Or  (3),  they  are  functions  in  virtue  of  which  one 
part  of  the  body  is  able  to  exert  a  direct  influence  on 
another,  and  the  body,  by  its  parts  or  as  a  whole,  becomes 
a  source  of  molar  motion.    The  first  may  be  termed  ensUn- 


Mwe,  ifaue  seoofnd  j^enarolmy  and  the  third  eorreMwe 
fnnetioiiB* 

Of  tiieae  three  dasaes  of  fnnotionB  the  first  two  only  oan 
lie  nid  to  be  inTanably  present  in  liTiiig  beings,  all  of 
wbieh  are  nourished,  grow,  and  multiply.  But  there  are 
tome  forms  of  life,  snoh  as  many  Fungi,  which  are  not 
known  to  posseas  any  powers  of  changing  their  form ;  in 
whidi  tiie  protoplasm  exhibits  no  moyements,  and  reacts 
upon  no  atinnilns ;  and  in  which  any  influence  which  the 
different  parts  of  the  body  exert  upon  one  another  must 
be  transmitted  indirectly  from  molecule  to  molecnle  of  the 
common  mass.  In  most  of  the  lowest  plants,  however, 
and  in  all  animals  yet  known,  the  body  either  constantly 
or  temporarily  changes  its  form,  either  with  or  without  the 
application  of  a  speeial  stimulus,  and  thereby  modifies  the 
relations  of  its  parte  to  one  another,  and  of  the  whole  to 
sonroonding  bodies ;  while,  in  aU  the  higher  animals,  the 
diflferent  parts  of  the  body  are  able  to  affect,  and  be 
affected  by,  one  another,  by  means  of  a  special.tissue,  termed 
merve.  Molar  motion  is  effected  on  a  large  scale  by  means 
of  another  special  tissue,  mtuele;  and  the  organism  is 
brought  into  relation  with  surrounding  bodies  by  means  of 
a  third  kind  of  special  tissue — ^that  of  the  sensory  organs — 
by  means  of  which  the  forces  exerted  by  snrrounding 
bodies  are  transmuted  into  affections  of  nerve. 

In  the  lowest  forms  of  life,  the  functions  which  have 
been  enumerated  are  seen  in  their  simplest  forms,  and 
they  are  exerted  indifferently,  or  nearly  so,  by  all  parte  of 
the  protoplasmic  body ;  and  the  like  is  tame  of  the  functions 
of  tibe  body  of  even  the  highest  organisms,  so  long  as  they 
are  in  the  condition  of  the  nucleated  cell,  which  constitutes 
the  starting-point  of  their  development.  But  the  first  pro- 
cess in  that  development  is  the  division  of  the  germ  into  a 
number  of  morphological  unite  or  blastomeres,  which, 
eventually,  give  rise  to  cells;  and  as  each  of  these  pos- 
seases  the  same  physiological  functions  as  the  germ  itself, 
it  follows  that  each  morphological  unit  is  also  a  physio- 
logical  unit,  and  the  multicellular  mass  is  strictly  a  com* 
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pound  organiam,  made  up  of  a  mnltitade  of  phjBiologically 
indepeadent  cellB.  The  physiological  actiyitieB  manifested 
bj  the  complex  whole  represent  the  sum,  or  rather  the 
resoltant,  of  the  sepaiute  and  independent  phyBiologieal 
actiyities  resident  in  each  of  the  simpler  constituents  of 
that  whole. 

The  morphological  changes  which  the  cells  undergo  in 
the  course  of  the  further  development  of  the  organism,  do 
not  affect  their  individuality;  and,  notwithstanding  the 
modification  and  confluence  of  its  constituent  cells,  the 
adult  organism,  however  complex,  is  stiU  an  aggregate  of 
morphological  units.  Nor  is  it  less  an  aggregate  of  physio- 
logical units,  each  of  which  retains  its  fundamental  inde- 
pendence, though  that  independence  becomes  restricted  in 
various  ways. 

Each  cell,  or  that  element  of  a  tissue  which  proceeds 
from  the  modification  of  a  cell,  must  needs  retain  its 
sustentative  functions  so  long  as  it  grows  or  wiaintaius  a 
condition  of  equilibrium ;  but  the  most  completely  meta- 
morphosed cells  show  no  trace  of  the  generative  function, 
and  many  exhibit  no  correlative  functions.  Contrariwise 
those  cells  of  the  adult  organism  which  are  the  unmeta- 
morphosed  derivatives  of  the  germ,  exhibit  all  the  primary 
functions,  not  only  nourishing  themselves  and  growing, 
but  multiplying,  and  frequently  showing  more  or  less 
marked  movements. 

Organa  are  parts  of  the  body  which  perform  particular 
functions.  In  strictness,  perhaps,  it  is  not  quite  right  to 
speak  of  organs  of  sustentation  or  generation,  each  of  these 
functions  being  necessarily  performed  by  the  morphological 
unit  which  is  nourished  or  reproduced.  What  are  called 
the  organs  of  these  functions  are  the  apparatuses  by  which 
certain  operations,  subsidiary  to  sustentation  and  genera- 
tion, are  carried  on. 

Thus,  in  the  case  of  the  sustentative  functions,  all  those 
organs  may  be  said  to  contribute  to  these  functions  which 
are  concerned  in  bringing  nutriment  within  the  reach  of 
•the  ultimate  cells,  or  in  removing  waste  matter  from  them ; 
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while  in  thecaae  of  ibe  g^enfiratiTe  function,  all  those  organs 
oootzibiite  to  the  function  which  prodnce  the  oells  from 
idiick  germs  axe  giyen  off;  or  help  in  the  eracnation,  or 
^tOiaation,  or  devdopment  of  these  germs. 

On  the  other  hand,  the  correlatiye  f  onctiona,  so  long  as 
they  are  exerted  bj  a  simple  nndifferentiated  morphological 
unit  or  cell,  aze  of  the  simplest  character,  consisting  of 
those  modifications  of  position  which  can  be  effected  by 
mere  changes  in  the  form  or  arrangement  of  the  parts  of 
the  protoplasm,  or  of  those  prolongations  of  the  proto- 
plasm  which  axe  called  psendopodia  or  cilia.  But,  in  the 
hig^  animals  and  plants,  the  movements  of  the  organism 
tod  of  its  parts  are  brought  about  by  the  change  of  the 
form  of  certain  tissaes,  the  property  of  which  is  to  shorten 
in  (me  direction  when  exposed  to  certain  stimnIL  Such 
tiMoes  are  termed  etmtraetUe;  and,  iu  their  most  fully 
derebped  condition,  fMucidar.  The  stimulus  by  which 
this  contraction  is  naturally  brought  about  is  a  molecular 
change,  either  in  the  substance  of  the  contractile  tissue 
itseit  or  in  some  other  part  of  the  body ;  in  which  latter 
caK,  the  motion  which  is  set  np  in  that  part  of  the  body 
most  he  propagated  to  the  contractile  tissue  through  the 
intermediate  substance  of  the  body.  In  plants,  there  seems 
to  he  no  q[uestion  that  jMurte  which  retain  a  hardly  modified 
oeQnlar  structure  may  serre  as  channels  for  the  transmis- 
Bon  of  this  moleculajr  motion ;  whether  the  same  is  true  of 
animals  is  not  certain.  But,  in  all  the  more  complex 
Miimalt,  a  peculiar  fibrous  tissue — nene — ^seryes  as  the 
agent  by  which  contractile  tissue  is  affected  by  changes 
oocnrnng  elaewhere,  and  by  which  contractions  thus  ini- 
^isted  are  co-ordinated  and  brought  into  harmonious  com- 
bination. While  the  sustentatiye  functions  in  the  higher 
lonns  of  life  are  still,  as  in  the  lower,  fundamentally  de- 
pendent upon  the  powers  inherent  in  all  the  physiological 
naits  which  make  up  the  body,  the  correlatiTe  functions 
ue,in  the  former,  deputed  to  two  sets  of  specially  modified 
uiitB,  which  constitute  the  muscular  and  the  nervous  tissues. 

^hen  the  different  forms  of  life  are  compared  together 
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aa  phyaiologioal  macliiiies,  thej  are  found  to  differ  as 
macliines  of  human  construction  do.  In  the  lower  forms, 
the  mechanism,  though  perfectly  well  adapted  to  do  the 
work  for  which  it  is  required,  is  rough,  simple,  and  weak ; 
while,  in  the  higher,  it  is  finished,  complicated,  and  powerful. 
Considered  as  machines,  there  is  the  same  sort  of  difference 
between  a  polyx>e  and  a  horse  as  there  is  between  a  distaff 
and  a  spinning-jennj.  In  the  progress  from  the  lower  to 
the  higher  orgamsm,  there  is  a  gradual  differentiation  of 
organs  and  of  functions.  Each  function  is  separated  into 
many  parts,  which  are  severally  entrusted  to  distinct  organs. 
To  use  the  striking  phrase  of  Milne-Edwards,  in  passing 
from  low  to  high  organisms,  there  is  a  division  of  physio- 
logical labour*  And  exactly  the  same  process,  is  observable 
in  the  development  of  any  of  the  higher  organisms;  so 
that,  physiologically  as  well  as  morphologically,  develop- 
ment is  a  progress  from  the  general  to  the  special. 

Thus  far,  the  physiological  activities  of  living  matter 
have  been  considered  in  themselves,  and  without  reference 
to  anything  that  may  affect  them  in  the  world  outside  the 
living  body.  But  living  matter  acts  on,  and  is  powerfully 
affected  by,  the  bodies  which  surround  it ;  and  the  study  of 
the  influence  of  the  "  conditions  of  existence "  thus  deter- 
mined constitutes  a  most  important  part  of  Physiology. 

The  Bustentative  functions,  for  example,  can  only  be 
exerted  under  certain  conditions  of  temperature,  pressure, 
and  light,  in  certain  media,  and  with  supplies  of  particular 
kinds  of  nutritive  matter;  the  sufficiency  of  which  supplies, 
again,  is  greatly  influenced  by  the  competition  of  other 
organisms,  which,  striving  to  satisfy  the  same  needs,  give 
rise  to  the  passive  "  struggle  for  existence."  The  exercise 
of  the  correlative  functions  is  influenced  by  similar  condi- 
tions, and  by  the  direct  conflict  with  other  organisms,  which 
constitutes  the  active  struggle  for  existence.  And,  finally, 
the  generative  functions  are  subject  to  extensive  modifi- 
cations, dependent  partly  upon  what  are  commonly  called 
external  conditions,  and  partly  upon  wholly  unknown 
agencies. 


▲GAxoosnsifl.  27 

In  the  lowest  forms  of  life,  the  only  mode  of  generation 
at  pieBcnt  known  is  the  division  of  the  body  into  two  or 
more  psits,  each  of  which  l^en  grows  to  the  size  and 
•Bgames  the  form  of  its  parent,  and  repeats  the  process  of 
oraltiplication.  This  method  of  multiplication  by  fiasion 
is  properly  called  generation,  because  the  parts  which  are 
wparated  are  severally  competent  to  give  rise  to  individnal 
organisms  of  the  same  nature  as  that  from  which  they 
utMe. 

In  many  of  the  lowest  organisms  the  process  is  modified 
•0  far  that,  instead  of  the  parent  dividing  into  two  equal 
parti,  only  a  small  portion  of  its  substance  is  detached,  as 
a  bud,  which  developes  into  the  likeness  of  its  parent. 
This  is  generation  by  gevmnation.  Generation  by  fission 
and  by  gemmation  are  not  confined  to  the  simplest  forms 
of  life,  however.  On  the  contrary,  both  modes  of  multipli* 
cation  are  common  not  only  among  plants,  but  among 
animals  of  considerable  complexity. 

The  multiplication  of  flowering  plants  by  bulbs,  that  of 
umeUds  by  fission,  and  that  of  polypes  by  budding,  are 
weUrknown  examples  of  l^ese  modes  of  reproduction.  In 
all  these  cases,  the  bud  or  the  segment  consists  of  a  multi- 
tude of  more  less  metamorphosed  cells.  But,  in  other 
utttances,  a  single  cell  detached  from  a  mass  of  such  un- 
differentiated cells  contained  in  the  parental  organism  is 
the  fomidation  of  the  new  organism,  and  it  is  hard  to  say 
whether  such  a  detached  cell  may  be  more  fitly  called  a  bud 
or  a  segment — ^whether  the  process  is  more  ^dn  to  fission 
or  to  gemmation. 

In  all  these  cases  the  development  of  the  new  being  from 
the  detached  germ  takes  place  without  the  influence  of 
oUier  tiving  matter.  Common  as  the  process  is  in  plants 
and  in  the  lower  animals,  it  becomes  rare  among  the 
higher  MiimAla.  In  these,  the  reproduction  of  the  whole 
orgamsm  from  a  part,  in  the  way  indicated  above,  ceases. 
At  most  we  find  that  the  cells  at  the  end  of  an  amputated 
portion  of  the  organism  are  capable  of  reproducing  the 
lost  part;  in  the  very  highest  animals,  even  this  power 
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vaniahes  in  the  adult;  and,  in  most  paits  of  the  body, 
though  the  imdifferentiated  oellB  are  capable  of  multipli- 
cation, their  progeny  grow,  not  into  whole  organinna 
like  that  of  which  thej  form  a  part,  but  into  elements  of 
the  tissues. 

Throughout  almost  the  whole  series  of  living  beings, 
however,  we  find  concarrentlj  with  the  process  of  ctgcmuy- 
geneeia,  or  asexual  generation,  another  method  of  genera- 
tion, in  which  the  development  of  the  germ  into  an  oi^anism 
resembling  the  parent  depends  on  an  influence  exerted  by 
living  matter  different  from  the  germ.  This  is  gamoffenesis 
or  sexual  generation.  Looking  at  the  facts  broadly,  and 
without  reference  to  many  exceptions  in  detail,  it  may  be 
said  that  there  is  an  inverse  relation  between  agamogenetic 
and  gamogenetic  reproduction.  In  the  lowest  organisms 
gamogenesis  has  not  yet  been  observed,  while  in  the  highest 
agamogenesis  is  absent.  In  many  of  the  lower  forms  of 
life  agamogenesis  is  the  common  and  predominant  mode 
of  reproduction,  while  gamogenesis  is  exceptional ;  on  the 
contrary,  in  many  of  the  higher,  while  gamogenesis  is  the 
rule,. agamogenesis  takes  plaoe  exceptionally. 

In  its  simplest  condition,  which  is  termed  "  eo/ttjugaticn,*' 
sexual  generation  consists  in  the  coalescence  of  two  similar 
masses  of  protoplasmic  matter,  derived  from  different  parte 
of  the  same  organism,  or  from  two  organisms  of  the  same 
species,  and  the  single  mass  which  results  from  the  fusion 
develops  into  a  new  organism. 

In  the  nu^ority  of  cases,  however,  there  is  a  marked 
morphological^  difference  between  the  two  factors  in  the 
process,  and  then  one  is  called  the  male,  and  the  other  the 
female  element.  The  female  element  is  relatively  large, 
and  undergoes  but  little  change  of  form.  In  all  the  higher 
plants  and  animalH  it  is  a  nucleated  ceU,  to  which  a  greater 
or  less  amount  of  nutritive  material,  constituting  a  food- 
yeUe,  may  be  added. 

The  male  element,  on  the  other  hand,  is  relatively  small. 
It  may  be  conveyed  to  the  female  element  by  an  out* 
growth  of  the  wall  of  its  cell,  which  is  short  in  many 
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Alga  and  Ftrnffi,  bat  becomes  an  immenaelj  elongated 
taJbokr  filM»u»wf.^  in  tbe  case  of  the  pollen  cell  of  fk>wering 
plaiits.  But,  more  commonly,  the  protoplasm  of  the  male 
edl  becomes  oontYerted  into  rods  or  filaments,  which 
naoally  are  in  aetire  yibratile  movement,  and  sometimes 
are  propelled  by  numerous  ciHa.  Occasionally,  however, 
as  in  many  Nemaioidea  and  Arlhropada,  they  are  devoid  of 
mobilify. 

Tbe  wMtTiTiw  in  which  the  contents  of  the  pollen  tube 
affect  the  embryo  cell  in  flowering  plants  is  unknown,  as 
no  perforation  through  which  the  contents  of  the  pollen 
tube  may  pass,  so  as  actually  to  mix  with  the  substance  of 
the  emlnyo  cell,  have  been  discovered ;  and  there  is  the 
same  diflSculty  with  respect  to  the  conjugative  processes 
of  some  of  the  Cri/ptogamia.  But  in  iJie  great  majority 
of  plants,  and  in  all  animals,  there  can  be  no  doubt  that 
the  Bobstance  of  the  male  element  actually  mixes  with  that 
of  the  female,  so  that,  in  all  these  cases,  the  sexual  process 
Tcmains  one  of  conjugation;  and  impregnation  is  the 
physical  admixture  of  protoplasmic  matter  derived  from 
two  sources,  which  may  be  either  different  parts  of  the  same 
organism,  or  different  org^anisms. 

The  effect  of  impregnation  appears  in  all  cases  to  be 
that  the  impregnated  protoplasm  tends  to  divide  into 
portions  (blcutcmereti),  which  may  remain  united  as  a  single 
ceQ-aggregate,  or  some  or  all  of  which  may  become  separate 
oiganisms.  A  longer  or  shorter  period  of  rest,  in  many 
eases,  intervenes  between  the  act  of  impregnation  and  the 
oommenoement  of  the  process  of  division. 

As  a  general  rule,  the  female  cell  which  directly  receives 
the  influence  of  the  male  is  that  which  undergoes  division 
and  eventual  development  into  independent  germs;  but 
there  are  some  plants,  such  as  the  MorideiB,  in  which  this 
is  sot  the  case.  In  these,  the  protoplasmic  body  of  the 
trichogyne,  which  unites  with  the  spermatozooids,  does  not 
tmdergo  division  itself,  but  transmits  some  influence  to 
adjacent  cells,  in  virtue  of  which  they  become  subdivided 
into  independent  germs  or  spores. 
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There  is  still  mnch  obscuritj  respecting  the  reproductive 
processes  of  the  If^vsaria ;  but,  in  the  VartiedHdtB,  it  would 
appear  that  conjugatioii  merely  determines  a  condition  of 
the  whole  organism,  which  gives  rise  to  the  diyision  of  the 
endoplast  or  so-called  nucleus,  bj  which  germs  are  thrown 
off;  and  if  this  be  the  case,  the  process  would  haye  some 
analogy  to  what  takes  place  in  the  Floride<B. 

On  ilie  other  hand,  the  process  of  conjugation  by  which 
two  distinct  Diporpm  combine  into  that  eztraorduuLry 
double  organism,  the  DiploMoon  paradoammy  does  not  directly 
give  rise  to  germs,  but  determines  the  derelopment  of  the 
sexual  organs  in  each  of  the  conjugated  individuals ;  and 
the  same  process  taJkes  place  in  a  large  number  of  the 
InfiMoria,  if  what  are  supposed  to  be  male  sexual  elements 
in  them  are  really  such. 

The  process  of  impregnation  in  the  Floridea  is  remark- 
ably interesting,  from  its  bearing  upon  the  changes  which 
fecundation  is  known  to  produce  upon  parts  of  the  parental 
organism  other  than  the  ovxim,  even  in  the  highest  n-Tiimali^ 
and  plants. 

The  nature  of  the  influence  exerted  by  the  male  element 
upon  the  female  is  wholly  unknown.  No  morphological 
distinction  can  be  drawn  between  those  ceUs  which  are 
capable  of  reproducing  the  whole  organism  without  im- 
pregnation, and  those  which  need  it,  as  is  obvious  from 
what  happens  in  insects,  where  eggs  which  ordinarily  re- 
quire impregnation,  exceptionally,  as  in  many  moths,  or 
regularly,  as  in  the  case  of  the  drones  among  bees,  develop 
without  impregnation.  Even  in  the  higher  animals,  such 
as  the  fowl,  the  earlier  stages  of  division  of  the  germ  may 
take  place  without  impregnation. 

In  fact,  generation  may  be  regarded  as  a  particular 
case  of  cell  multiplication,  and  impregnation  simply  as  one 
of  the  many  conditions  which  may  determine  or  affect  that 
process.  In  the  lowest  organisms,  the  simple  protoplasmic 
mass  divides,  and  each  part  retains  all  the  physiologioal  pro- 
perties of  the  whole,  and  consequently  constitutes  a  germ 
whence  the  whole  body  can  be  reproduced*    In  more  ad* 
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Ysnoed  organiaiiis,  each  of  the  nraltitade  of  oeDB  into  which 
the  embiyo  ceQ  is  oonrerted  at  first,  probablj  retaiiiB  all,  or 
neaiij  all,  the  physiological  capabilities  of  the  whole,  and  is 
capable  of  serring  as  a  reprodnctlYe  germ ;  but  as  diyision 
goes  on,  and  many  of  the  cells  which  result  from  division 
acquire  special  morphological  and  physiological  properties, 
it  aeems  not  improbable  that  thej,  in  proportion,  lose  their 
foore  general  characters.  In  proportion,  for  example,  as  the 
tendeiMsy  of  a  given  cell  to  become  a  mnsde  cell  or  a  car* 
tilage  ceQ  is  more  marked  and  definite,  it  is  readily  oon«> 
oavable  that  its  primitiTe  capacity  to  reproduce  the  whole 
ofganism  should  be  reduced,  though  it  might  not  be  alto- 
gether abolished  If  this  view  is  well  based,  the  power  of 
reprodocinff  the  whole  organism  would  be  limited  to  those 
eeUs  which  had  acquired  no  special  tendencies,  and  conse- 
qnoiily  had  retained  all  the  powers  of  the  primiliye  cell 
in  which  the  organism  commenced  its  existence.  The  more 
extensirely  diffosed  such  cells  were,  the  more  generally 
mi^t  multiplication  by  budding  or  fission  take  place;  the 
more  localised,  the  more  limited  would  be  the  parts  of  the 
organism  in  which  such  a  process  would  take  place.  And 
eren  where  such  cells  occurred,  their  development  or  non- 
derelopment  might  be  connected  with  conditions  of  nutri- 
tum.  It  depends  on  the  nutriment  supplied  to  the  female 
Unra  of  a  bee  whether  it  shall  become  a  neuter  or  a  sexually 
perfect  female ;  and  the  sexual  perfection  of  a  large  pro- 
portion of  the  internal  parasites  is  similarly  dependent 
upon  their  food,  and  perhaps  on  other  conditions,  such  as 
the  temperature  of  the  medium  in  which  they  live.  Thus  the 
gradual  disappearance  of  agamogenesis  in  the  higher  animals 
would  be  related  with  that  increasing  specialisation  of 
fonction  which  is  their  essential  characteristic ;  and  when 
it  ceases  to  occur  altogether,  it  may  be  supposed  that  no  cells 
are  kit  whi^  retain  unmodified  the  powers  of  the  primi* 
tive  embtyo  celL  The  organism  is  like  a  society  in  which 
eterj  one  is  so  engrossed  by  his  special  business  that  ha 
has  neither  time  nor  inclination  to  many. 
£ven  the  female  elements  in  the  highest  organisms. 
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little  as  they  differ  to  all  appearance  from  undifCerentiated 
cellB,  and  thoagh  they  are  direotly  deriyed  from  epithelial 
cells  which  have  undergone  yeej  little  modification  from 
the  condition  of  blaatomeres,  are  incapable  of  full  develop- 
ment nnlees  thej  are  sabjected  to  the  influenoe  of  the 
male  element,  which  may,  as  Oaspar  Wolff  saggested,  be 
compared  to  a  kind  of  nutriment.  But  it  is  a  living  nutri- 
ment, in  some  respects  comparable  to  that  which  would  be 
supplied  to  an  animal  kept  aliye  by  transfusion,  and  its 
molecules  transfer  to  the  impregnated  embryo  cell  all  the 
special  characters  of  the  organism  to  which  it  belonged. 

The  tendency  of  the  germ  to  reproduce  the  characters 
of  its  immediate  jMurents,  combined,  in  the  case  of  sexual 
generation,  with  the  tendency  to  reproduce  the  characters 
of  the  male,  is  the  source  of  the  singular  phenomena  of 
hereditary  transmission.  No  structural  modification  is  so 
slight,  and  no  functional  peculiarity  is  so  insignificant  in 
either  parent  that  it  may  not  make  its  appearance  in  the 
offspring.  But  the  transmission  of  pax ental  peculiarities 
depends  greatly  upon  the  manner  in  which  they  hare  been 
acquired.  Such  as  haye  arisen  naturally,  and  hare  been 
hereditary  through  many  antecedent  generations,  tend  to 
appear  in  the  progeny  with  great  force;  while  artificial 
modifications,  such  for  example,  as  result  from  mutilation, 
are  rarely  if  ever,  transmitted.  Circumcision  through  in- 
numerable ancestral  generations  does  not  appear  to  haye 
reduced  that  rite  to  a  mere  formality,  as  it  should  haye 
done,  if  the  abbreviated  prepuce  had  become  hereditaiy  in 
the  descendants  of  Abraliam ;  while  modem  lambs  are  bom 
with  long  tails,  notwithstanding  the  long-continued  prac- 
tice of  cutting  those  of  every  generation  short.  And  it 
remains  to  be  seen  whether  the  supposed  hereditaiy  trans- 
mission of  the  habit  of  retrieving  among  dogs  is  really  what 
it  seems  at  first  sight  to  be ;  on  the  other  side,  Brown- 
Sequard's  case  of  the  transmission  of  artificially  induced 
epilepsy  in  guinea-pigs  is  undoubtedly  very  weighty. 

Although  the  germ  always  tends  to  reproduce,  directly 
or  indirectly,  the  organism  from  which  it  is  derived,  the 
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remit  of  its  derelopineiit  differs  aomewhat  from  the  parent* 
UtnaQf  the  amount  of  Toriation  is  inaignifioant ;  bat  it 
msj  be  considerable,  as  in  the  so-oaUed  *' sports;"  and 
soeh  -variations,  whether  useful  or  useless,  may  be  trans- 
mitted with  great  tenacitj  to  the  offspring  of  iiie  subjects 
of  than. 

In  man  J  plants  and  animals  which  multiply  both  asexu- 
ally  and  sexually,  there  is  no  definite  relation  between  the 
agmogenefcic  and  the  gamc^enetic  phenomena.  The  or- 
ganiam  may  multiply  asezually  before,  or  after,  or  con- 
ciiiTently  nith,  the  occurrence  of  sexual  generation. 

But  in  a  great  many  of  the  lower  organisms,  both  animal 
ad  vegetable,  the  organism  (A)  which  results  from  the  im- 
pregnated germ  produces  offspring  only  agamogenetically. 
It  thus  gires  rise  to  a  series  of  independent  organisms, 
{B,  B,  B,  .  .  .),  which  are  more  or  less  different  from  A, 
md  which  sooner  or  later  acquire  generatiye  organs.  From 
their  impregnated  germs  A  is  reproduced.  The  process 
thus  described  is  what  has  been  termed  the  "  alternation 
of  generBtions  "  under  its  simplest  form, — ^f or  example,  as 
it  is  exhibited  by  Hie  SoIjmb.  In  more  complicated  cases, 
the  independent  organisms  which  correspond  with  B  may 
give  rise  agamogenetically  to  others  (B,),  and  these  to  others 
fi^\  and  BO  on  {e.g.  Aphis).  But»  however  long  the  series, 
»  final  term  appears  which  developes  sexual  organs,  and 
reprodnces  A.  The  *'  alternation  of  generations  "  is,  there- 
fore, in  strictness,  an  alternation  of  asexual  with  sexual 
generation,  in  which  the  products  of  the  one  process  differ 
^rom  those  of  the  other. 

The  Sfidrozoa  offer  a  complete  series  of  gradations  be- 
tween those  cases  in  which  the  term  B  is  represented  by  a 
free,  self-nourishing  organism  (e.^.,  Cyamea),  through  those 
in  which  it  is  free  but  unable  to  feed  itself  {CalyoophoTidai), 
to  those  in  which  the  sexual  elements  are  developed  in 
t^odies  which  resemble  free  zooids,  but  are  never  detached, 
^  are  mere  generative  organs  of  the  body  on  which  they 
are  developed  {Ccrdylophora). 

In  the  last  case,  the  "  individual "  is  the  total  product  of 
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the  development  of  the  impregnated  embiyo,  all  the  parts 
of  which  remain  in  material  continuity  with  one  another. 
The  multiplication  of  mouths  and  stomachs  in  a  Cordy- 
lophora  no  more  makes  it  an  aggregation  of  different 
individuals  than  the  multiplication  of  segments  and  legs  in 
a  centipede  converts  that  Arthropod  into  a  compound 
animal.  The  Cordylophora  is  a  differentiation  of  a  whole 
into  many  parts,  and  the  use  of  any  terminology  which  im- 
plies that  it  results  from  the  coalescence  of  many  parts  into 
a  whole  is  to  be  deprecated. 

In  Cordylophora  the  generative  organs  are  incapable  of 
maintaining  a  separate  existence;  but  in  nearly  allied 
Sydrozoa  the  unquestionable  homologues  of  these  oi^ans 
become  free  zooids,  in  many  cases  capable  of  feeding  and 
growing,  and  developing  the  sexual  elements  only  after 
they  have  undergone  considerable  changes  of  form.  Mor- 
phologically, the  swarm  of  Meduacs  thus  set  free  from  a 
Hydrozoon  are  as  much  organs  of  the  latter,  as  the  multi- 
tudinous pinnules  of  a  ComahUa,  with  their  genital  glands, 
are  organs  of  the  Echinoderm.  Morphologically,  therefore, 
the  equivalent  of  the  individual  CorruxkUa  is  the  Hydrozoic 
stock  plus  all  the  Medu8CB  which  proceed  from  it. 

No  doubt  it  sounds  paradoxical  to  speak  of  a  million  of 
Aphides,  for  example,  as  parts  of  one  morphological  indivi- 
dual ;  but  beyond  the  momentary  shock  of  the  paradox  no 
harm  is  done.  On  the  other  hand,  if  the  asexual  Aphides 
are  held  to  be  individuals,  it  follows,  as  a  logical  conse- 
quence, not  only  that  all  the  polypes  on  a  Cordylophora 
tree  are  "feeding  individuals,"  and  all  the  genital  sacs 
"generative  individuals,"  while  the  stem  must  be  a 
"  stump  individual,"  but  that  the  eyes  and  legs  of  a  lobster 
are  "ocular"  and  "locomotive  individuals."  And  this 
conception  is  not  only  somewhat  more  paradoxical  than  the 
other,  but  suggests  a  conception  of  the  origin  of  the  com- 
plexity of  animal  structure  which  is  wholly  inconsistent 
with  fact. 
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IV.  Etiology. 

Moiphology,  Distribution,  and  Thytdology  inveetigate 
and  detennine  the  facts  of  Biology,  etiology  has  for  its 
object  the  ascertainment  of  the  canses  of  these  facts,  and 
the  eiplanation  of  biological  phenomena,  by  showing  that 
thej  oonstitate  particular  cases  of  general  physical  laws. 
It  is  hardly  needfnl  to  say  that  etiology,  as  thus  conceived, 
is  in  its  infancy,  and  that  the  seething  controversies,  to 
viiich  the  attempt  to  fonnd  this  branch  of  science  made 
in  the  Origin  of  Species  has  given  rise,  cannot  be  dealt  with 
in  this  place.  At  most,  the  general  nature  of  the  problems 
to  be  solved,  and  the  coarse  of  inquiry  needful  for  their 
sohtiaii,  may  be  indicated. 

In  any  investigation  into  the  causes  of  the  phenomena  of 
^e,  the  first  question  which  arises  is,  whether  we  have 
any  knowledge,  and  if  so,  what  knowledge,  of  the  origin 
of  liring  matter? 

In  the  case  of  all  conspicuous  and  easily-studied  organ- 
ians,  it  has  been  obvious,  since  the  study  oi  nature  began, 
tbat  Hring  beings  arise  by  generation  from  living  beings 
of  a  Hke  kind;  but  before  the  latter  part  of  the  17th  cen- 
tury, learned  and  xmleamed  alike  shared  the  conviction 
that  this  rule  was  not  of  universal  application,  and  that 
multitudes  of  the  smaller  and  more  obscure  organisms  were 
produced  by  the  fermentation  of  not-living,  and  especially 
of  putrefying  dead  matter,  by  what  was  then  termed  gene- 
roiio  iBguivoea  or  ttponianea,  and  is  now  called  abiogeneaia, 
^^  showed  that  the  general  belief  was  erroneous  in  a 
nndtttude  of  instances;  Spallanzani  added  largely  to  the 
list;  while  the  investigations  of  the  scientific  helmintholo- 
V'^  of  the  present  century  have  eliminated  a  further 
^^stegoty  of  cases  in  which  it  was  possible  to  doubt  the 
appHcabilily  of  the  rule  "  Ofwne  mvwm  e  vico  "  to  the  more 
coniplez  organisms  which  constitute  the  present  fauna  and 
^^  of  the  earth.  Even  the  most  extravagant  supporters 
ot  akiogeneais  at  the  present  day  do  not  pretend  that 
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organisms  of  higher  rank  than  the  lowest  jF\mgi  and 
Protozoa  are  produced  otherwise  than  hj  generation  from 
pre-existing  organisms.  But  it  is  pretended  that  Bac- 
teria,  TondoB,  certain  Fwngi,  and  *'  Monads  "  are  dereloped 
under  conditions  which  render  it  impossible  that  these 
organisms  should  have  proceeded  directly  from  liying 
matter. 

The  experimental  evidence  adduced  in  favour  of  this 
proposition  is  always  of  one  kind,  and  the  reasoning  on. 
which  the  conclusion  that  abiogenesis  occurs  is  based  may- 
be stated  in  the  following  form : — 

All  living  matter  is  killed  by  being  heated  to  n  degrees. 

The  contents  of  a  vessel,  the  entry  of  germs  from  with- 
out into  which  is  prevented,  have  been  heated  to  n  d^;reee. 

Therefore,  all  living  matter  which  may  have  existed 
therein  has  been  killed. 

But  living  Baoteria,  &o.,  have  appeared  in  these  contents 
subsequently  to  their  being  heated. 

Therefore,  they  have  been  formed  abiogenetically. 

No  objection  can  be  taken  to  the  logical  form  of  this 
reasoning,  but  it  is  obvious  that  its  applicabiUty  to  any 
particular  case  depends  entirely  upon  the  validity,  in  that 
case,  of  the  first  and  second  propositions. 

Suppose  a  fltiid  to  be  full  of  Bacteria  in  active  motion, 
what  evidence  have  we  that  they  are  killed  when  that  fluid 
is  heated  to  n  degrees  P  There  is  but  one  kind  of  con- 
clusive evidence,  namely,  that  from  that  time  forth  no 
living  Bacteria  make  their  appearance  in  the  liquid,  sup- 
posing it  to  be  properly  protected  from  the  intrusion  of 
fresh  Baderia,  The  only  other  evidence,  that,  for  example, 
which  may  be  furnished  by  the  cessation  of  the  motion  of 
the  Bacteria,  and  such  slight  changes  as  our  microscopes 
permit  us  to  ob8ei*ve  in  their  optical  characters,  is  simply 
presumptive  evidence  of  death,  and  no  more  conclusive 
than  the  stillness  and  paleness  of  a  man  in  a  swoon  are 
proof  that  he  is  dead.  And  the  caution  is  the  more  neces- 
sary in  the  case  of  Bacteria,  since  many  of  them  naturally 
pass  a  considerable  part  of  their  existence  in  a  condition 
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in  which  they  show  no  marks  of  life  whatever  saye  growth 
and  mnltiplicatLon. 

If  indeed  it  could  be  proyed  that,  in  caaes  which  are  not 
open  to  doubt,  liring  matter  is  always  and  invariably  killed 
at  precisely  the  same  temperature,  there  might  be  some 
gitmnd  for  the  assumption,  that,  in  those  which  are  obscure, 
death  nxnst  take  place  under  the  same  circumstances.  But 
what  are  the  facts?  It  has  already  been  pointed  out, 
that  leaving  Bacteria  aside,  the  range  of  high  temperatures 
between  the  lowest,  at  which  some  living  things  are  certainly 
killed,  and  the  highest,  at  which  others  certainly  live,  is 
rather  more  than  100°  Fahr.,  that  is  to  say,  between  104° 
Fahr.  and  206°  Fahr.  It  makes  no  sort  of  difference  to 
the  argmnent  how  Hving  beings  have  come  to  be  able  to 
bear  such  a  tonperatnre  as  the  last  mentioned ;  the  fact 
that  they  do  so  is  sufficient  to  prove  that,  under  certain 
conditions^  such  a  temperature  is  not  sufficient  to  destroy 
life.* 

Thus  it  appears  that  there  is  no  ground  for  the  assump* 
tion  that  all  living  matter  is  killed  at  some  given  tempera- 
tore  between  104°  and  208°  Fahr. 

No  experimental  evidence  that  a  liquid  may  be  heated 
to  n  degrees,  and  yet  subsequently  give  rise  to  living  or- 
ganiama,  is  of  the  smaQest  value  as  proof  that  abiogenesis 
has  taken  place,  and  for  two  reasons : — Firstly,  there  is  no 
proof  that  organisms  of  the  kind  in  question  are  dead,  ex* 
cept  their  permanent  incapacity  to  grow  and  reproduce 
their  kind ;  and  secondly,  since  we  know  that  conditions 
may  largdy  modify  the  power  of  resistance  of  such  organ- 
isms to  heat,  it  is  far  more  probable  that  such  conditions 
existed  in  the  experiment  in  question,  than  that  the  organ- 
isms were  generated  afresh  out  of  dead  matter. 

Not  only  is  the  kind  of  evidence  adduced  in  favour  of 

abiogenesis  logically  insufficient  to  furnish  proof  of  its 

orcurrence,  but  it  may  be  stated  as  a  well-based  induction, 

*  M«Mn.  Dallinger  and  Brys-  destroyed  bv  exposure  to  a  teni' 

dale   have  recently  shown    good  perature  oi  260°  Fahr.  or  even 

gnmnds  for  Iwlieying   that   the  300°  Fahr. 
gams  of  aome  Monads  are  not 
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that  the  more  caref nl  the  inyestigator,  and  the  more  com- 
plete his  mastery  over  the  endless  practical  difficulties 
which  surround  experimentation  on  this  subject,  the  more 
certain  are  his  experiments  to  give  a  negatire  result ;  ^vrhile 
positive  results  are  no  less  sure  to  crown  the  efforts  of  the 
clumsy  and.  the  careless. 

It  is  argued  that  a  belief  in  abiogenesis  is  a  neoessaiy 
corollary  from  the  doctrine  of  E  Yolution.  This  may  be  trae 
of  the  occurrence  of  abiogenesis  at  some  time ;  but  if  the 
present  day»  or  any  recorded  epoch  of  geological  time,  be  in 
question,  the  exact  contrary  holds  good.  K  all  liYing  beings 
have  been  cYolved  from  pre-existing  forms  of  life,  it  is 
enough  that  a  single  particle  of  living  protoplasm  should 
once  have  appeared  on  the  globe,  as  the  result  of  no  matter 
what  agency.  In  the  eyes  of  a  consistent  evolutionist,  any 
further  independent  formation  of  protoplasm  would  be  sheer 
waste. 

The  production  of  living  matter  since  the  time  of  its  first 
appearance,  only  by  way  of  biogenesis,  implies  that  the 
specific  forms  of  the  lower  kinds  of  life  have  undergone  but 
little  change  in  the  course  of  geological  time,  and  this  is 
said  to  be  inconsistent  with  the  doctrine  of  evolution.  But, 
in  the  first  place,  the  fact  is  not  inconsistent  with  the 
doctrine  of  evolution  properly  understood,  that  doctrine 
being  perfectly  consistent  with  either  the  progression,  the 
retrogression,  or  the  stationary  condition  of  any  particular 
species  for  indefinite  periods  of  time ;  and  secondly,  if  it 
were,  it  would  be  so  much  the  worse  for  the  doctrine  of 
evolution,  inasmuch  as  it  is  unquestionably  true,  that 
certain,  even  highly  organised,  forms  of  life  haYC  persisted 
without  any  sensible  change  for  very  long  periods.  The 
TerehrahLla  peUtacea  of  the  present  day,  for  example,  is  not 
distinguishable  from  that  of  the  Cretaceous  epoch,  while  the 
highly  organised  Teleostean  fish,  Beryx,  of  the  Chalk  differed 
only  in  minute  specific  characters  from  that  which  now 
lives.  Is  it  seriously  suggested  that  the  existing  Terc 
hrattdcB  and  Beryce$  are  not  the  lineal  descendants  of 
their  Cretaceous  ancestors,  but  that  their  modern  represen- 
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iattreB  liave  been  mdependentlj  developed  from  priiaordial 
genuB  in  the  interral  ?  But  if  this  is  too  fantastic  a  sug- 
gestion for  grave  consideration,  why  are  we  to  believe  that 
the  GlobiffermcB  of  the  present'  day  are  not  lineally  descended 
from  the  Cretaceons  forms  ?  And  if  their  unchanged  gene- 
latbas  have  succeeded  one  another  for  all  the  enormons 
time  represented  by  the  deposition  of  the  Chalk  and  that 
o!  the  Tertiary  and  Quaternary  dei>osits,  what  difficulty 
is  there  in  snppoeing  that  they  may  not  have  persisted 
imclianged  for  a  greatly  longer  period  ? 

The  fact  is,  that  at  the  present  moment  there  is  not  a 
shadow  of  trustworthy  direct  evidence  that  abiogenesis  does 
take  place,  or  has  taJcen  place,  within  the  period  during 
which  the  existence  of  life  on  the  globe  is  recorded.  But  it 
need  hardly  be  pointed  out,  that  the  fact  does  not  in  the 
slightest  degree  interfere  with  any  conclusion  that  may  be 
anived  at,  deductively,  from  other  considerations  that,  at 
some  time  or  other,  abiogenesis  must  have  taken  place. 

If  the  hypothesis  of  evolution  is  true,  living  matter  must 
have  arisen  from  not-living  matter ;  for  by  the  hypothesis, 
the  condition  of  the  globe  was  at  one  time  such  that  living 
matter  could  not  have  existed  in  it»*  life  being  entirely 
incompatible  with  the  gaseous  state.  But  living  matter 
once  originated,  there  is  no  necessity  for  another  origina- 
tion, since  the  hyx>otheBis  }>ostulates  the  unlimited,  though 
perhaps  not  ind^nite,  modifiability  of  such  matter. 

Of  the  causes  which  have  led  to  the  origination  of  living 
°iA^ter,  then,  it  may  be  said  that  we  know  absolutely 
nothing.  But  postulating  the  existence  of  living  matter 
endowed  with  that  power  of  hereditary  'transmission,  and 
with  that  tendency  to  vary  which  is  found  in  all  such 
matte/,  Mr.  Darwin  has  shown  good  reasons  for  believing 
that  the  interaction  between  living  matter  and  surround- 

*  It  makes  no  difference  if  we  reason    for   supposing   that   all 

Mopt  Sir  W.  Thomson's  hypothe-  stellar  and  planetary  components 

'^.*^  suppose  that  the  genns  of  the  universe  are  or  have  been 

ofliTing  things  have  been  trans-  gaseous,  as  that   the  earth  has 

ported  to  our  globe  from  some  passed  through  this  stage. 
^u^,«i«lng  that  there  is  as  much 
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ing  conditions,  wliich  results  in  the  surviyal  of  the  fittest, 
is  sufficient  to  account  for  the  gradual  evolution  of  plants 
and  animals  from  their  simplest  to  their  most  complicated 
forms,  and  for  the  known'  phenomena  of  Morphology, 
Physiology,  and  Distribution. 

Mr.  Darwin  has  further  endeaToured  to  give  a  physical 
explanation  of  hereditary  transmission  by  his  hypothesis 
of  Pangenesis;  while  he  seeks  for  the  principal,  if  not 
the  only  cause  of  variation  in  the  influence  of  changing' 
conditions. 

It  is  on  this  point  that  the  chief  divergence  exists 
among  those  who  accept  the  doctrine  of  Evolution  in  its 
general  outlines.  Three  views  may  be  taken  of  the  causes 
of  variation : — 

a.  In  virtue  of  its  molecular  structure,  the  organism 
may  tend  to  vaiy.  This  variability  may  either  be  indefinite, 
or  may  be  limited  to  certain  directions  by  intrinsic  condi- 
tions. In  the  former  case,  the  result  of  the  struggle  for 
existence  would  be  the  survival  of  the  fittest  among  an 
indefinite  number  of  varieties ;  in  the  latter  case,  it  would 
be  the  survival  of  the  fittest  among  a  certain  set  of  varieties, 
the  nature  and  number  of  which  would  be  predetermined 
by  the  molecular  structure  of  the  organism. 

&.  The  organism  may  have  no  intrinsic  tendency  to  vary, 
but  variation  may  be  brought  about  by  the  influeuce  of 
conditions  external  to  it.  And  in  this  case  also,  the  varia- 
bility induced  may  be  either  indefinite  or  defined  by  in- 
trinsic limitation. 

e.  The  two  former  cases  may  be  combined,  and  variation 
may  to  some  exCent  depend  upon  intrinsic,  and  to  some 
extent  upon  extrinsic,  conditions. 

At  present  it  can  hardly  be  said  that  such  evidence  as 
would  justify  the  positive  adoption  of  any  one  of  these 
views  exists. 

If  all  living  beings  have  come  into  existence  by  the 
gradual  modification,  through  a  long  series  of  generations, 
of  a  primordial  living  matter,  the  phenomena  of  embryonic 
development  ought  to  be  explicable  as  particular  cases  of 
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the  general  law  of  hereditary  transmiBsion.  On  this  view, 
a  tadpole  is  first  a  fish,  and  then  a  tailed  amphibian,  pro- 
Tided  with  both  gUls  and  lungs,  before  it  becomes  a  fro^* 
because  the  frog  was  the  last  term  in  a  series  of  modifica- 
tioDB  whereby  some  ancient  fish  became  an  nrodele  amphi- 
bian; and  the  nrodele  amphibian  became  an  annrous 
amphibian.  In  fact,  the  development  of  the  embryo  is  a 
Tecapitnlalion  of  the  ancestral  histoiy  of  the  species. 

If  this  be  so,  it  follows  that  the  development  of  any 
orgamsm  should  furnish  the  key  to  its  ancestral  history ; 
and  the  attempt  to  decipher  the  fall  pedigree  of  organisms 
from  80  much  of  the  family  history  as  is  recorded  in  their 
derdopment  has  given  rise  to  a  special  branch  of  biological 
apeculation,  tenned  phylogeny.  - 

In  practice,  however,  the  reconstniction  of  the  pedigree 
of  a  grxrap  from  the  developmental  history  of  its  eTJsting 
memhers  is  fraught  with  difiicnlties.  It  is  highly  probable 
that  the  series  of  developmental  stages  of  the  individual 
orgamam  never  presents  more  than  an  abbreviated  and 
condensed  summary  of  ancestral  conditions;  while  this 
nunmaiy  is  often  strangely  modified  by  variation  and 
adaptation  to  conditions;  and  it  must  be  confessed  that, 
in  most  cases,  we  can  do  little  better  than  guess  what  is 
(famine  recapitulation  of  ancestral  forms,  and  what  is  the 
effect  of  comparatively  late  adaptation. 

The  only  perfectly  safe  foundation  for  the  doctrine  of 
Brolation  lies  in  the  lustorical,  or  rather  archsological, 
evidence  that  particular  organisms  have  arisen  by  the 
gradual  modification  of  their  predecessors,  which  ia  fur- 
nished by  fossil  remains.  That  evidence  is  daily  increasing 
in  anunmt  and  in  weight ;  and  it  is  to  be  hoped  that  the 
comparison  of  the  actual  pedigree  of  these  organisms  with 
the  phenomena  of  their  development  may  furnish  some 
criterion  by  which  the  validity  of  phylogenetic  conclusions, 
deduced  from  the  facts  of  embryology  alone,  may  be  satis- 
iaclorily  tested. 
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CHAPTER  I. 

I.— THE  DISTINCTIVE  CHABACTBBS  OF  ANIMALS. 

The  more  complicated  forms  of  the  living  things,  the 
general  characters  of  which  have  now  been  discossed,  appear 
to  be  readily  distingpiishable  into  widely  separated  groupBy 
Animals  and  Plants.  The  latter  have  no  -power  of  loconio- 
tion  and  only  rarely  exhibit  any  distinct  movement  of  their 
parts  when  these  are  irritated,  mechanically  or  otherwise. 
They  are  devoid  of  any  digestive  cavity ;  and  the  matters 
which  serve  as  their  nutriment  are  absorbed  in  the  gaseous 
and  fluid  state.  Ordinary  animals,  on  the  contrary,  not  only 
possess  conspicuous  locomotive  activity,  but  tjieir  pai-ts 
readily  alter  their  form  or  position  when  irritated.  Their 
nutriment,  consisting  of  other  animals  or  of  plants,  is  taken 
in  the  solid  form  into  a  digestive  cavity. 

But  even  without  descending  to  the  very  lowest  forms 
of  animals  and  plants,  we  meet  with  facts  which  weaken 
the  force  of  these  apparently  broad  distinctions.  Among 
animals,  a  coral  or  an  oyster  is  as  incapable  of  locomotion 
as  an  oak ;  and  a  tape-worm  feeds  by  imbibition  and  not  by 
the  ingestion  of  solid  matter.  On  the  other  hand,  the 
Sensitive  Plant  and  the  Sundew  exhibit  movements  on 
irritation,  and  the  recent  observations  of  Mr.  Darwin  and 
others  leave  little  doubt  that  the  so-called  ''insectivorous 
plants "  really  digest  and  assimilate  the  nutritive  mattei-s 
contained  in  the  living  animals  which  they  catch  and  de- 
stroy. AU  the  higher  animals  are  dependent  for  the  protein 
compounds  which  they  contain  upon  other  animals  or  upon 
plants.  They  are  unable  to  manufacture  protein  out  of 
simpler  substances ;  and  although  positive  proof  is  wanting 
that  this  incapacity  extends  to  all  animals,  it  may  safely  be 
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usomed  to  eadst  in  all  those  forms  of  animal  life  which 
take  in  solid  nntriment,  or  which  liye  parasitioallj  on  other 
aaimals  or  plants,  in  sitoations  in  which  thej  are  provided 
«i&  abondant  supplies  of  protein  in  a  dissolved  state. 

The  great  nugoriiy  of  t^e  higher  plants,  on  the  contrary, 
are  able  to  mannf  actare  protein  when  supplied  with  car- 
bonic acid,  anunomacal  salts,  water,  and  sundry  mineral 
pbosphates  and  sulphates :  obtaining  the  carbon  which  they 
reqiiire  hy  the  decomposition  of  the  carbonic  acid,  the 
oxygen  of  which  is  disengaged.  One  essential  factor  in  the 
pof (vmance  of  this  remarkable  chemical  process  is  the 
chlorophyll  which  these  plants  contain,  and  another  is  the 
Bon'B  tight. 

Certain    animalB    (Jft/iMoria,    Codenieraia,    TurheUaria)  ii 
poaeeas  chlorophyll,  but  t^ere  is  no  evidence  to  show  what  | 
put  it  plays  in  ilieir  economy.    Some  of  the  higher  plants ' 
when  parasitic,  and  a  great  group  of  the  lower  plants,  the 
Fungi  (which  may  be  parasitic  or  not),  are,  however,  devoid 
oi  chlorophyll,   and   are  consequently  totally  unable  to 
derive  the  carbon  which  they  need  from  carbonic  acid. 
Kerertheless  they  are  sharply  distinguished  from  animals, 
inasmuch  as  they  are  still«  for  the  most  part,  manuf ac- 
taien  of  protein.    Thus  such  a  Fungus  as  PemciUitMn 
able  to  fabricate  all  the  c<m8tituents  of  its  body  out 
ammonium  tartrate,  sulphate  and  phosphate,  dissolved 
water  (see  mprht  p.  6,  noie) ;  and  the  yeast-plant  flourishes 
and  multiplies  with  exceeding  rapidity  in  water  containing 
^igar,  ammoniiun  tartrate,  potassium  phosphate,  calcium 
phosphate,  and  magnesium  sulphate. 

Nevertheless,  the  experiments  of  Mayer  have  shown 
that  when  peptones  are  substituted  for  the  ammonium 
tartrate,  the  nutrition  of  the  yeast-plant  is  favoured 
instead  of  being  impeded.  So  that  it  would  seem  that  the 
yeaat-plant  is  able  to  take  in  protein  compounds  and 
aasxmilate  them,  as  if  it  were  an  animal ;  and  there  can  be 
no  teasonable  doubt  that  many  parasitic  Fungi,  such  as 
thft  Bdrytis  Bassiama  of  the  silk- worm  caterpillar,  the 
Bmpuaa  of  the  houae>fly,  and,  very  probably,  the  Peronospora 
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of  the  potato-plant,  directly  aasiinilate  the  protein  snbstanoes 
contained  in  the  bodies  of  the  planta  and  animalfl  which. 
they  infest;  nor  is  it  clear  that  these  Fungi  are  able  to 
maintain  themselyes  upon  less  fully  elaborated  nntriment. 

GeUnlose,  amyloid  and  saccharine  compoonds  were 
formerly  sapposed  to  be  characteristically  yegetahle  pro- 
ducts ;  bnt  cellulose  is  found  in  the  tests  of  Ascidians ;  and 
amyloid  and  saccharine  matters  are  of  yery  wide,  if  not 
uniyersal,  occurrence  in.  animals. 

And  on  taking  a  comprehensiye  suryey  of  the  whole 
animal  and  yegetable  worlds,  the  test  of  locomotion  breaks 
down  as  completely  as  does  that  of  nutrition*  For  it  is  the 
rule  rather  than  the  exception  among  the  lowest  plants,  tha.t 
at  one  stage  or  other  of  their  existence  they  should  be 
actiyely  locomotiye,  their  motor  organs  being  usually  ct2ia, 
altogether  similar  in  character  and  function  to  the  motor 
organs  of  the  lowest  animals.  Moreoyer,  the  protoplasmic 
substance  of  the  body  in  many  of  these  plants  exhibits 
rhythmically  pulsating  spaces  or  eontmcHle  vacuoles  of 
the  same  nature  as  those  characteristic  of  so  many  animals. 

No  better  illuBtaitioii  of  the  impomribaity  of  drawing  Miy 
sharply  defined  distinction  between  animalfl  and  plants  can 
be  found,  than  that  which  is  supplied  by  the  history  of  what 
are  commonly  termed  '  Monads.' 

The  name  of  '  Monad '  *  has  been  commonly  applied  to 
minute  free  or  fixed,  rounded  or  oyal  bodies,  proyided  with 
one  or  more  long  cilia  {flageUa),  and  usually  proyided  with 
a  nndeus  and  a  contractile  yacuole.  Of  such  bodies,  all  of 
which  would  properly  come  under  the  old  group  of  MonadidcBy 
the  history  of  a  few  has  been  completely  worked  out ;  and 
the  result  is  that,  while  some  {e,g,  ChlamydomonaSf  zoo- 
spores of  Peronospora  and  Coleoehcete)  are  locomotiye  condi- 
tions of  indubitable  plants;  others  {Badiolouia,  NoctUuea) 
are  embryonic  conditions  of  as  indubitable  animals.  Yet 
others  (zoospores  of  Myxomycetea)  are  embryonic  forms  of 
organisms  which  appear  to  be  as  much  animals  as  plants ; 

*  O.     F.    Miiller,     *  Hlstoria      eoiispicuus,  simplieiirimus,   pel- 
Vermium,'    1773.    "  y«nnit  in-      lucidus,  punetiionnis." 
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inasmnclk  ae  in  one  condition  tibej  take  in  solid  nntriment, 
and  in  anoiher  baye  the  special  morphological,  if  not 
phjrsiological  pecnliaritieB  of  plants;  while,  lastly,  in  the 
ease  of  soch  monads  as  those  recently  so  carefully  studied 
i>T  Messrs.  Dallinger  and  Drysdale,  the  morphological 
ebanden  of  which  are  on  the  whole  animal,  while  their 
node  of  nutrition  is  nnknown,  it  is  impossible  to  say 
vbether  they  shonld  be  regarded  as  animals  or  as  plants. 

Thus,  traced  down  to  their  lowest  terms,  the  series  of 
plant  lorms  gradually  lose  more  and  more  of  their  dis- 
tinctiYe  y^etable  featiii«s,  while  the  series  of  animal 
{jnm  part  with  more  and  more  of  their  distinctive  animal 
duiscterB,  and  the  two  series  converge  to  a  common  term. 
Tiie  most  characteristic  morphological  peciJiarity  of  the 
plant  is  the  investment  of  each  of  its  component  cells  by  a 
sac,  the  walls  of  which  contain  cellnlose,  or  some  closely 
ttabgoos  compound ;  and  the  most  characteristic  physio- 
I'jgical  peculiarity  of  the  plant  is  its  power  of  manufacturing 
protein  from  chemical  compounds  of  a  less  complex  nature. 

The  most  characteristic  morphological  peculiarity  of  the 
animal  ib  the  absence  of  any  snch  celliiloee  investment.* 
The  most  characteristic  physiological  peculiarity  of  the 
uiimal  is  its  want  of  power  to  manufacture  protein  out  of 
umpler  compounds. 

The  great  migoriiy  of  living  things  are  at  once  referable 
to  one  of  the  two  categories  thus  defined ;  but  there  are 
some  in  which  the  presence  of  one  or  other  characteristic 
nurk  cannot  be  ascertained,  and  others  which  appear  at 
<^erent  periods  of  their  existence  to  belong  to  different 
categories. 


*  No  aoahnis  of  the  tubstaaM 
enopMing  the  cjratt  in  which  so 
many  of  the  Protozoa  ineloee  them- 
>dvc9  tenporarUy,  has  yet  been 
>»<ie.  Bat  it  ia  not  improbable 
tUt  it  may  be  analoeooa  to  ehUin ; 
And  if  M,  it  is  worthy  of  remarlc 
tbat  thoQgh  ehitin  is  a  nitroge- 
iu>«  body,  it  readily  vields  a 
sobttanee   apiparently   identical 


with  cellaloae  when  heated  with 
the  double  hyposolphite  of  cop- 
per and  ammonia.  It  is  possible, 
therefore,  that  the  difference  be- 
tween the  chitinous  investment  of 
an  animal  and  the  cellulose  invest- 
ment of  a  plant  may  depend  upon 
the  proportion  of  nitiogenous 
matter  which  is  present  in  each 
case  in  addition  to  the  ohitin. 
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II. — ^THB  MOBPHOLOOICAL  DIFFERENTIATION  OF 

ANIMALS. 

The  simplest  form  of  animal  life  imaginable  would  be  a 
protoplasmic  body,  devoid  of  motility,  maintaining  itself  by 
the  ingestion  of  such  proteinaceous,  fatty,  amyloid   and 
mineral  matters  as  might  be  brought  into  oontact  with  it 
by  external  agencies ;  and  increasing  by  simple  extension 
of  its  mass.    But  no  animal  of  this  degree  of  simplicity  is 
known  to  exist.    The  very  humblest  animals  with  which 
we  are  acquainted  exhibit  contractility,  and  not  only  in- 
crease in  size,  but,  as  they  grow,  divide,  and  thtis  undergo 
multiplication.  In  the  simplest  known  animals — the  Protozoa 
— ^the  protoplasmic  substance  of  the  body  does  not  become 
differentiated  into  discrete  nucleated  masses  or  cells,  which 
by  their  metamorphosis  give  rise  to  the  different  tissues  of 
which  the  adult  body  is  composed.    And,  in  the  lowest  of 
the  Protozoa,  the  body  has  neither  a  constant  form  nor  any 
further  distinction  of  parts  than  a  greater  density  of  the 
peripheral,  as  compared  with  the  central,  part  of  the  proto- 
plasm.   The  first  steps  in  complication  are  the  appearance 
of  one  or  more  rhythmically  contractile  vacuoles,  such  as 
are  found  in  some  of  the  lower  plants ;  and  the  segregation 
of  part  of  the  interior  protoplasm  as  a  rounded  mass,  the 
"  endoplast "  or  "  nucleus."    Other  Protozoa  advance  further 
and  acquire  permanent  locomotive  organs.    These  may  be 
developed  only  on  one  part  of  the  surface  of  the  body, 
which  may  be  modified  into  a   special  organ  for  their 
support.    In  some,  a  pedicle  of  attachment  is  formed,  and 
the  body  may    acquire  a  dense   envelope  (Ii^kuoria),  or 
secrete  an   intemiJ   skeleton  of   calcareous    or   silicious 
matter  (Foravninifera,  Badiolaria),  or  fabricate  such  a  skele- 
ton by  gluing  together  extraneous  particles  {Foraminifera). 

A  mouth  and  gullet,  with  an  anal  aperture,  may  be  formed, 
and  the  permeable  soft  central  portion  of  the  protoplasm 
may  be  so  limited  as  to  give  rise  to  a  virtual  alimentary 
tract  between  these  two  apertures.    The  contractile  vacuole 
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maj  be  dereloped  into  a  complicated  ajstem  of  canals 
ParanuBcmm),  and  the  endoplast  may  take  on  more  and 
more  definitely  the  characters  of  a  reprodnctiTe  organ,  that 
U,  may  be  the  focus  of  origin  of  germs  capable  of  repro- 
ducing the  indiridnal  {VortieeUa),  In  fact,  radiments  of  all 
the  chief  eystem  of  organs  of  the  higher  animals,  with  the 
exception,  more  or  less  donbtful,  of  the  nerv-ons,  are  thns 
iketched  oat  in  the  Protooa,  just  as  the  organs  of  the  higher 
plants  are  sketched  out  in  Canderpa, 

In  the  MeioMoa,  which  constitute  the  rest  of  the  animal 
tingdom,  the  »»iitn«.1,  in  its  earliest  condition,  is  a  pro- 
toplasmic mass  with  a  nncleos — is,  in  short,  a  Protozoon. 
But  it  never  aoqnires  the  morphological  complexity  of  its 
idnlt  state  by  the  direct  metamorphosis  of  the  protoplasmic 
matter  of  this  nucleated  body — ^the  ovum — ^into  the  different 
tisenes.  On  the  contrary,  the  first  step  in  the  development 
<if  all  the  MeUmoa  is  the  conversion  of  the  single  nucleated 
Wyinto  an  aggregation  of  such  bodies  of  smaller  size 
—the  Monda — ^by  a  process  of  division,  which  usually 
takes  place  with  gpreat  regularity,  the  ovum  dividing  first 
into  two  segments,  which  then  subdivide,  giving  rise  to 
fonr,  ei^t,  sixteen,  Ac.,  portions,  which  are  the  so-called 
divition  masmt  or  hiagtomerea, 

A  similar  process  takes  place  in  sundry  Protozoa  and 
giTes  rise  to  a  protozoic  aggregate,  which  is  strictly 
comparable  to  the  Morula,  But  the  members  of  the 
protozoic  aggregate  become  separate,  or  at  any  rate 
independent  existences.  What  distinguishes  the  metazoio 
aggregate  is  that,  though  its  component  blastomeres  also 
ivtain  a  certain  degree  of  physiological  independence, 
tbe^  remain  united  into  one  morphological  whole,  and  their 
aereral  metamorphoses  are  so  ordered  and  related  to  one 
another,  that  they  constitute  members  of  a  mutually 
dependent  oonunonalty. 

The  MetoMoa  are  the  only  animals  which  fall  under 
common  observation,  and  have  therefore  been  known 
2nnn  the  earliest  tim.es.  All  the  higher  languages  possess 
geaend  names  equivalent  to  our  b^ust,  bird,  reptile,  fish, 
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insect  and  worm;  and  tlus  shows  the  resry  early  perception 
of  the  fact,  that  notwithstanding  the  wonderful  diFersity 
of  f^niiwal  f orms,  th^  are  modelled  upon  comparatiTely 
few  great  types. 

In  the  middle  of  the  last  century  the  founder  of  modem 
Taxonomy,  Linnsus,  distinguished  animals  into  Mammalia, 
Avea,  Amphibiti,  Pisces,  Inseeta  and  Vermes,  that  is  to  say, 
he  oonverted  common  sense  into  science  by  defining  and 
giving  precision  to  the  rough  distinctions  arriyed  at  by 
ordinary  observation. 

At  the  end  of  the  centory,  Lamarck  made  a  most  impor- 
tant advance  in  general  morphology,  by  pointing  out  that 
manmuds,  birds,  reptiles,  and  fishes,  are  formed  upon  one 
type  or  ctmimonphm,  the  essential  character  of  which  is  the 
possession  of  a  spinal  column,  interposed  between  a  cere- 
bro-spinal  and  a  visceral  cavity;  and  that  in  no  other  animalB 
is  the  same  plan  of  construction  to  be  discerned.    Hence  he 
drew  a  broad  distinction  between  the  former  and  the  latter, 
ss  the  YsBTEB&ATA  and  the  Inyebtbbbata.    But  the 
advance  of  knowledge  respecting  the  structure  of  inverte- 
brated  animals,  due  chiefly  to  Swammerdam,  Trembley, 
B6aumur,  Peyssonel,  Qoeze,  Boesel,  Ellis,  Fabricins,  O.  P. 
Miiller,  Lyonet,  Pallas,  and  Cuvier,  speedily  proved  that  the 
Inverieibrata  are  not  framed  upon  one  fundamental  plan, 
but  upon  several;   and,  in  1795,  Cuvier*  showed  that,  at 
fewest,  three  morphological  types,  as   distinct  from  one 
another  as  they  are  from  that  of  the  vertebrated  animals,  are 
distinguishable  among  the  Ifwertebrata,    These  he  named 
— L  Mollusques;  II.  Insectes  etVers;  III.  Zoophytes.    In 
the  '  B^gne  animal '  (1816),  these  terms  are  Latinised,  Ani- 
malia  MoUusca,  ArticuUxta,  and  RadiaJta,    Thus,  says  Cuvier  : 
"It  will  be  found  that  there  exist  four  principal  forms, 
four  general  plans,  if  it  may  thus  be  expressed,  on  which  all 
animalfl  appear  to  have  been  modelled;   and  the  ulterior 
divisions  of  which,  under  whatever  title  naturalists  may 
have  designated  them,  are  merely  slight  modificationB, 
founded  on  the  development  or  addition  of  certain  parts. 
*  Tableau  el^entaire  de  Thistoire  des  animau^.    An  vi. 
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These  four  common  plans  are  those  of  the  Vertehraia,  the 
MoUuecOf  the  Ariiculaki,  and  the  BadUxta." 

For  extent,  yaxiety,  and  exactness  of  knowledge,  Cuvier 
wag,  bejond  all  comparison,  the  greatest  anatomist  who  has 
ever  lired ;  bnt  the  absence  of  two  conditions  rendered  it 
impossible  that  his  sarvej  of  the  animal  kingdom  shonld 
be  exhaostiye,  grand  and  comprehensive  as  it  was. 

Up  to  the  time  of  Cuyier*s  death  in  1832,  microscopic  inves- 
tigation was  in  its  infancy,  and  hence  the  great  majority  of 
the  lowest  forma  were  either  unknown  or  little  understood ; 
and  it  was  onlj  in  the  third  decade  of  the  present  century 
that  Bathke,  DoUinger  and  Yon  Baer  commenced  that  won- 
derful series  of  exact  researches  into  embryology,  which 
Ton  Baer  organiaed  into  a  special  branch  of  morphology, 
developing  all  its  most  important  consequences  and  raising 
it  to  its  proper  position,  as  the  criterion  of  morphologiciJ 
theories. 

Upon  embiyological  grounds  Yon  Baer  arrived  -at  the 
same  CQnclusion  as  Cuvier,  that  there  are  four  common 
plaofl  of  RTiiwu^l  structure. 

In  the  course  of  the  last  half-century  the  activity  of 
anatomists  and  embryologists  has  been  prodigious,  and  it 
may  be  reasonably  doubted  whether  any  form  of  animal 
life  remains  to  be  discovered  which  will  not  be  found  to 
accord  with  one  or  other  of  the  common  plans  now 
known.  But  at  the  same  time  this  increase  of  knowledge 
hsB  abolished  the  broad  lines  of  demarcation  which  formerly 
appeared  to  separate  one  common  plan  from  another. 

Eren  the  hiatus  between  the  Vertebraia  and  the  Lwer^ 
Mfrata,  is  partly,  if  not  wholly,  bridged  over ;  and  though 
among  the  Irwertebraia,  there  is  no  difficulty  in  distinguish- 
ing the  more  completely  differentiated  representatives  of 
anch  types  or  common  plans  as  those  of  the  Arthropoda^the 
AwneUdaj  the  Molhuca^  the  Twnicata,  the  JEhhinodermata,  the 
Odevterata,  and  the  Porifera,  yet  every  year  brings  forth 
traah  evidence  to  the  effect,  that  just  as  the  plan  of  the 
plant  IB  not  absolutely  distinct  from  that  of  the  animal,  so 
that  of  the  Yertebrate  has  its  points  of  community  with 
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tliat  of  certain  of  the  InyertebrateB ;  that  the  Arthrox>od, 
the  Mollusk,  and  the  Echinodenn  plans  are  united  bj  that 
of  the  lower  worms,  and  that  the  plan  of  the  latter  is 
separated  bj  no  very  great  differences,  from  that  of  tlie 
Coelenterate  and  that  of  the  Sponge. 

Whatever  speculatiye  views  may  be  held  or  rejected  as  to 
the  origin  of  the  diversities  of  animal  form,  tiie  facta  of 
anatomj  and  development  compel  the  morphologist  to 
regard  the  whole  of  the  MetoMoa  as  modifications  of  one 
actual  or  ideal  primitive  type,  which  is  a  sac  with  a  double 
ceUnlar  wall,  enclosing  a  central  cavity  and  open  at  one  end. 
This  is  what  Haeckel  terms  a  ChuitroBa,  The  inner  wall  of 
the  sac  is  the  hypoblast  {endoderm  of  the  adult),  the  outer 
the  epiblast  (ectoderm).  Between  the  two,  in  all  but  the 
very  lowest  Metazoa,  a  third  layer,  the  mesoblast  (metoderm 
of  the  adult),  makes  its  appearance. 

In  the  Poriferat  the  terminal  aperture  of  the  gastrsea 
becomes  the  egestive  opening  of  the  adult  animal,  and  the 
ingestive  apertures  are  numerous  secondary  pore-like 
apertures  formed  by  the  separation  of  adjacent  cells  of  the 
ectoderm  and  endoderm.  The  body  may  become  variously 
branched,  a  fibrous  or  spicular  endoskeleton  is  usually  deve- 
loped in  the  ectoderm,  and  no  perivisceral  cavity  is  developed. 
There  are  no  appendages  for  locomotion  or  prehension ;  no 
nervous  system  nor  sensory  organs  are  known  to  exist ;  nor 
are  there  any  circulatory,  respiratory,  renal,  or  generative 
organs. 

In  the  CoslemieraJta,  the  terminal  aperture  of  the  gastrsea 
becomes  the  mouth,  and  if  pores  i)erf  orate  the  body  walls, 
they  do  not  subserve  the  ingestion  of  food.  There  is  no 
separate  perivisceral  cavity,  but,  in  many,  an  efnUrocode  or 
system  of  cavities,  continuous  with,  but  more  or  less  separate 
from  the  digestive  cavity,  extends  through  the  body. 
Prehensile  appendages,  tentcLcvla,  are  developed  in  great 
variety.  A  chitinous  exoskeleton  appears  m  some,  a 
calcareous  or  chitinous  endoskeleton  in  otbers.  There  are 
no  circulatory,  respiratory,  or  renal  organs  (though  it  is 
possible  that  certain  cells  in  the  For^pUce,  e»g.  may  have  an 
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nropoietic  f  onctiaii) ;  but  opecial  g^enital  organs  make  their 
appearance,  as  do  a  definiiely-arranged  neiTOTis  STstem  and 
organs  of  sense. 

Tbe  lowest  TurbeUaria  are  on  nearly  the  same  grade 
of  organisation  as  the  lower  Ccdenteraia,  but  the  thick 
mnodom  is  traTersed  by  canals  which  constitute  a  imzfor- 
wuadar  mftiem.  In  the  adnlt  state  these  canals  open, 
on  the  one  side,  into  the  interstices  of  the  mesodermal 
twacB,  and,  on  the  other,  commnnicate  with  the  exterior. 
Thdr  analogy  to  the  contractile  vacuoles  of  the  Infosoria 
on  the  one  band,  and  to-  the  segmental  organs  of  the 
AniieKds  on  tbe  other,  lead  me  to  think  that  they  are  formed 
hj  a  splitting  of  the  mesoblast,  and  that  they  thns  represent 
that  form  of  periyisceral  cavity  which  I  have  termed  a 
9ckitoeaie.  A  nenroas  system  oonsisting  of  a  single  or 
doable  ganglion  with  two  principal  longitudinal  nerve  cords, 
u  fcnmd  in  many ;  and  there  may  be  eyes  and  auditory  sacs. 

Upon  this  foundation  a  gradual  complication  of  form  is 
Used,  brought  about  by — 

1.  The  elongation  of  the  bilaterally  eymmetrical  body 
ud  the  formation  of  a  chitdnous  exoskeleton. 

2.  The  development  of  a  secondary  aperture  near  the 
anterior  end  of  the  body,  which  becomes  the  permanent 
moath. 

3w  The  division  of  the  mesoblast  into  successive  segments 
[wmUes). 

4.  The  development  of  two  nervous  g^glia  in  each  somite. 

5.  The  outgrowth  of  a  pair  of  appendages  from  each 
aondte,  and  their  segmentation. 

6.  The  gradual  specialisation  of  the  somites  into  cephalic, 
thoracic  and  abdominal  groups;  and  that  of  their  appen- 
dages into  sense  organs,  jaws,  locomotive  limbs,  and  respi- 
ntory  organs. 

7.  The  conversion  of  the  schizocoole  into  a  spacious 
perivisceral  cavity  containing  blood;  the  reduction  of  the 
water-vascular  system  and  the  appearance  of  pseudo-hsemal 
▼easels;  and  tbe  replacement  of  tiiese,  in  the  higher  forms, 
by  a  heart,  arteries,  aixd  veins,  which  contain  blood. 

E  2 
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8.  The  conTersion  of  the  simple  inner  sac  of  the  gastreea 
into  a  highly  complex  alimentary  canal,  with  special  glan- 
dular appendages,  representing  the  liver  and  the  kidneys. 

9.  A  similar  differentiation  of  the  genital  apparatus. 

10.  A  gradual  complication  of  the  eye,  which,  in  its  most 
perfect  form,  presents  a  series  of  crystal-clear  conical  rods, 
disposed  perpendiculai*ly  to  the  transparent  corneal  region 
of  the  chitinous  exoskeleton,  and  connected  by  their  inner 
ends  with  the  optic  nerves  of  the  prsB-oBsophageal  ganglia. 

By  such  modifications  as  these  the  plan  of  the  simple 
Turbellarian  gradually  passes  into  that  of  the  highest 
Arthropod. 

.Starting  from  the  same  point,  if  the  mesoblast  does  not 
become  distinctly  segmented;  if  few,  probably  not  more 
than  three,  pairs  of  ganglia  are  formed;  if  there  are  no 
segmented  appendages,  but  the  chief  locomotive  organ  is  a 
muscular  foot  developed  in  the  neural  aspect  of  the  body ; 
if,  in  the  place  of  the  chitinous  exoskeleton,  a  shell  is 
secreted  by  a  specially  modified  part  of  the  heemal  wall 
termed  the  mantle ;  if  the  schizoccele  is  converted  into  a  blood 
cavity,  which  communicates  with  the  exterior  by  an  organ 
of  Bojanus,  which  appears  to  represent  the  water-vaacular 
system  and  the  segmental  organs ;  and  if,  along  with  these 
changes,  the  alimentary,  circulatory,  respiratory,  genital, 
and  sensory  organs  take  on  special  characters,  we  arrive  at 
the  complete  Molluscan  plan. 

From  the  Turbellarian  to  the  Tunicate,  or  Ascidian,  the 
passage  is  indicated,  if  not  effected,  by  Bakmoglosgiu,  which, 
in  its  larval  state,  is  comparable  to  an  Appenditularia  with- 
out its  caudal  appendage.  On  the  other  hand,  the  large 
pharynx  of  the  TurUcctta  and  the  circle  of  tentacula  around 
the  oral  aperture,  with  the  single  ganglion,  approximate 
them  to  the  Polytoa.  In  the  perforation  of  the  pharynx  by 
lateral  apertures,  which  communicate  with  the  exterior, 
either  directly  or  by  the  intermediation  of  an  atrial  cavity, 
the  Tunicata  resemble  only  BaUmoglosgus  and  the  Veriebraia. 
The  axial  skeleton  of  the  caudal  appendage  has  no  parallel 
except  in  the  vertebrate  notochord.    In  the  structure  of 
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tlie  heart  and  the  regalar  reyeraal  of  the  direction  of  its 
<.-i«tnctio]i8»  the  Tunieaia  stand  alone.  The  general 
presoioe  of  a  test  solidified  by  cellulose  is  a  marked 
(•ecitliaritj,  bat  in  estimating  its  apparent  singularity  the 
^fiistence  of  cellulose  as  a  constituent  of  chitin  must  be 
remembered.  Finally,  the  tadpole-like  larvsB  of  many  Asci- 
dians  are  comparable  only  to  the  CercarioB  of  Trematodes, 
on  Uie  one  hand,  and  to  yertebrate  larval  forms  on  the 
•jUier. 

Yet  another  apparently  Tery  distinct  type  is  met  with  m 
the  extensive  gronp  of  the  EckinodervMia, 

In  aU  the  other  Metazoa,  except  the  Forifera  and  CaHen' 
Uraia,  the  plan  of  the  body  is»  obyiously,  bilaterally  sym- 
metrical, the  halTes  of  the  body  on  each  side  of  a  median 
vertical  plane  being  similar.  Any  disturbance  of  this  sym- 
metry, such  as  is  found  in  some  Arthropoda  and  in  many 
Molhuca,  arises  from  the  predominant  derelopment  of  one 
half.  But,  in  a  Sea-urchin  or  Star-fish,  fiye  or  more  wimilar 
9eC8  of  parts  are  disposed  around  a  longitudinal  axis,  which 
iiaa  the  mouth  at  one  end  and  the  anus  at  the  other;  there 
is  a  radial  symmetry,  as  in  a  sea  anemone  or  a  Ctenopho- 
nm.  Nerertheless,  close  observation  shows  that,  as  is  also 
the  case  in  the  Actinia  or  Gtenophoran,  this  radial  sym- 
metry is  never  perfect,  and  that  the  body  is  really  bila* 
t<frally  symmetrical  in  relation  to  a  median  plane  which 
traTeraes  the  c^itre  of  length  of  one  of  the  radiating 
metameres. 

Another  marked  peculiarity  of  the  Echinoderm  type, 
is  the  general,  if  not  univer»Ed,  presence  of  a  system  of 
"  ambnlacral  vessels  "  consisting  of  a  circular  canal  around 
the  mouth,  whence  canals  usually  arise  and  follow  the 
middle  line  of  each  of  the  ambulacra!  metameres.  And  in 
the  typical  Echinoderm,  these  canals  give  off  prolongations 
which  enter  certain  diverticula  of  the  body  wall,  the  pedieela 
or  suckers. 
All  Echinoderms  have  a  calcareous  endoskeleton. 
la  the  chapter  allottel  to  these  a^''"»^^  it  will  be  shown 
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that  they  are  modifications  of  the  TnrbeUarian  type,  brought 
about  by  a  singtilar  series  of  changes  undergone  by  the 
endoderm  and  mesoderm  of  the  larva  or  Echinopoddiom. 


III. — THE  PHYSIOLOGICAL  DIFFERENTIATION  OF  ANIMAXS, 
AND  THE  MOBPHOLOGIGAL  DIFFERENTIATION  OF  THEIR 
ORGANS. 

Regarded  as  machines  for  doing  certain  kinds  of  work, 
animals  differ  from  one  another  in  the  extent  to  which  this 
work  is  subdivided.  Each  subordinate  group  of  actions  or 
fwMiMyM  is  allotted  to  a  particular  portion  of  the  body,  which 
thus  becomes  the  organ  of  those  functions ;  and  the  extent 
to  which  this  division  of  physiological  labour  is  carried  differs 
in  degree  within  the  limits  of  each  common  plan,  and  is 
the  chief  cause  of  the  diversity  in  the  working  out  of  the 
common  plan  of  a  group  exhibited  by  its  members. 
Moreover,  there  are  certain  types  which  never  attain  the 
same  degree  of  physiological  differentiation  as  others  do. 

Thus,  some  of  the  Protozoa  attain  a  grade  of  physiologi- 
cal complexity  as  high  as  that  which  is  reached  by  the  lower 
Metatoa,  And  notwithstanding  the  multiplicity  of  its 
parts,  no  Echinoderm  is  so  highly  differentiated  a  physio- 
logical machine  as  is  a  snail. 

A  mill  with  ten  pairs  of  millstones  need  not  be  a  more 
compHcated  machine  than  a  miU  with  one  pair;  but  if 
a  mill  have  two  pairs  of  millstones,  one  for  coarse  and  one 
for  fine  grinding,  so  arranged  that  the  substance  ground 
passes  from  one  to  the  other,  then  it  is  a  more  complicated 
machine — a  machine  of  higher  order — ^than  that  with  ten 
pairs  of  similar  grindstones.  In  other  words,  it  is  not  mere 
multiplication  of  organs  which  constitutes  physiological 
differentiation;  but  the  multiplication  of  organs  for  dif- 
ferent functions  in  the  first  place,  and  the  degree  in  which 
they  are  co-ordinated,  so  as  to  work  to  a  common  end,  in 
the  second  place.  Thus,  a  lobster  is  a  higher  animal, 
from  a  physiological  point  of  view,  than  a  Cyclops,  not 
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becMue  it  lias  more  distingoiahable  organs,  but  because 
these  organs  are  so  modified  as  to  perform  a  much  greater 
^vietjof  fanctious,  while  they  are  all  co-ordinated  towards 
the  maintenance  of  the  animal,  by  its  weU-developed 
nenroiis  system,  and  sense  organs.  But  it  is  impossible  to 
ny  that  e,g,  ittie-Arthropoda,  as  a  whole,  are  physiologically 
higher  than  the  MoHutea,  inasmuch  as  the  simplest  embodi- 
ments of  the  common  plan  of  the  Arthropoda  are  less 
diffeieotiated  physiologically  than  the  great  majority  of 
MoUoaks. 

1  may  now  n^idly  indicate  the  mode  in  which  physio- 
logical differentiation  is  effected  in  the  different  groups  of 
organs  of  the  body  among  the  Metazoa. 

ItJegumeniary  Organs. — In  the  lowest  Meiatoa,  the  inte- 
goment  and  the  ectoderm  are  identical,  but  so  soon  as  a 
mesoderm  is  developed,  the  layer  of  the  mesoderm  which 
ia  in  contact  with  the  ectoderm  becomes  virtually  part  of 
the  integument,  and  in  all  the  higher  animals  is  distin- 
goiahed  as  the  dermia  (enderon),  while  the  ectodermal  cells 
conatitute  the  epidermis  {eederon).  The  connectiye  tissue 
and  muscles  of  the  integument  are  exdusively  developed  in 
the  enderon;  while,  from  the  epidermis,  aU  cuticular  and 
cettnlar  ezoekeletal  parts,  and  all  the  integumentary  glands 
are  developed.  The  latter  are  always  involutions  of  the 
epidermiB.  The  hard  protective  skeletons  in  all  invertebrate 
■Uetoaoo,  except  the  Porifero,  the  Actino»oa,  the  Echinoder- 
maia,  and  the  Tunieaia,  are  cuticular  structures,  which 
nukj  be  variously  impregnated  with  calcareous  salts  formed 
on  the  outer  surface  of  the  epidermic  cells. 

In  the  Porifera,  the  calcareous  or  silicious  deposit  takes 
place  within  the  ectoderm  itself,  and,  probably,  the  same 
process  occurs,  to  a  greater  or  less  extent,  in  the  Actinotoa, 
In  those  Ihunieata  which  possess  a  test»  it  appears  to  be  a 
stroctore  sui  generis^  consisting  of  a  gelatinous  basis  excreted 
\)y  ibe  ectoderm,  in  which  cells  detached  from  the  ectoderm 
^Tide,  multiply,  and  give  rise  to  a  deposit  of  cellulose. 
The  test  may  take  on  the  structure  of  cartilage  or  even  of 
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ooBnective  tissue.  In  the  Vertehrata  alone  do  we  find  hard 
exdskeletal  parts  formed  by  the  comification  and  cohesion 
of  epidermic  cells. 

In  the  Aetinozoa  and  the  Echinodermaia,  the  hard  skeleton 
is,  in  the  main,  though  perhaps  not  wholly,  the  result  of 
calcification  of  elements  of  the  mesoderm.  In  some  Mol- 
lusks,  portions  of  the  mesoderm  are  converted  into  true 
cartilage,  while  the  enderon  of  the  integument  often 
becomes  the  seat  of  calcareous  deposit.  The  endoskelet^n 
and  the  dermal  exoskeleton  of  the  Vertehrata  are  cellular 
(cartilage,  notochord)  or  fibrous  (connective  tissue)  modifi- 
cation of  the  mesoderm,  which  may  become  calcified  (bone, 
dentine).  Recent  investigations  tend  to  show  that  the 
enamel  of  the  teeth  is  derived  from  the  ectoderm. 

The  Alimentary  Apparatus, — From  the  simple  sac  of  the 
Hydra  or  aproctous  Turbellarian,  we  pass  to  the  tubular 
alimentary  tract  of  the  proctuchous  TurbeUaria.  In  the 
Rotifera  and  Polyzoa,  there  is  a  marked  distinction  into 
buccal  cavity,  pharynx,  oesophagus,  stomach  and  intestines ; 
while  distinct  salivary,  hepatic,  and  renal  glands,  are  found 
in  the  majority  of  the  higher  invertebrates,  and,  not  un- 
frequently,  ghmds  secreting  an  odorous  or  coloured  fluid, 
appear  in  the  region  of  the  termination  of  the  alimentary 
canal. 

The  oral  and  gastric  regions  are  armed  with  cviticular 
teeth  in  many  Inverteibraia ;  but  teeth  formed  by  the  calcifi- 
cation of  papillary  elevations  of  the  enderon  of  the  lining  of 
the  mouth,  are  confined  to  the  Vertehrata ;  unless,  as  seems 
probable,  the  teeth  of  the  JEehinidea  have  a  similar  origin. 

The  lining  membrane  of  the  oral  cavity  is  capable  of 
being  everted,  as  a  proboscis,  in  many  Invertehrata.  The 
margins  of  the  mouth  may  be  raised  into  folds,  armed  with 
cuticular  plates.  In  the  Vertehrata,  the  jaws  are  such 
folds,  supported  by  endoskeletal  cartilages,  belonging  to 
the  system  of  the  visceral  arches,  or  by  bones  developed 
in  and  around  them;  but,  in  the  Arthropoda,  what  are 
usually  termed  jaws  are  modified  limbs. 
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The  Blood  and  Circulatory  Apparatus. — ^Inthe  CcdmUerata, 
the  somatic  canity,  or  enteroccBle,  is  in  free  commimication 
vith  the  digestiTe  cavity,  and  not  nnfrequentlj  commnnicates 
with  the  exterior  by  other  apertures.  The  fluid  which  it 
oontaauB  represents  blood ;  it  is  moved  by  the  contractions 
(4  the  body,  and,  generally,  by  cilia  developed  on  the  endo- 
dermal  lining  of  the  enteroccsle.  In  the  IhMrbellaria,  IVema- 
toda  and  Ceaioideay  the  lacnnsB  of  the  mesoderm  and  the 
interstitial  fioid  of  its  tissaes  are  the  only  representatives  of 
&  blood- vaacnlar  system.  It  is  probable  tiiat  these  commnni- 
cate  directly  with  the  terminal  ramifications  of  the  water- vas- 
cular systenL.  In  the  Boitfera,  a  spacious  perivisceral  cavity 
separates  the  mesoderm  into  two  layers,  the  aplanehncpleure, 
which  forms  the  enderon  of  the  alimentary  canal,  and  the 
«>naiop2eiire,  which  oonstitates  the  enderon  of  the  integu- 
ment. The  terminationB  of  the  water  vessels  open  into  this 
canty.  In  Annelids,  there  is  a  similar  perivisceral  cavity 
commonicating  in  the  same  way  with  the  segmental  organs ; 
bat,  in  most,  there  is,  in  addition,  a  system  of  canals  with 
contractile  walls,  which,  in  some,  conuntmicate  freely  with 
^perivisceral  cavity;  but,  in  the  majority,  are  shut  off  from 
H.  These  canals  are  filled  by  a  clear,  usually  non-oorpuscu- 
lated  fluid,  which  may  be  red  or  green,  and  constitute  the 
fieud-kcemal  system.  The  fluid  which  occupies  the  peri- 
Tiaceral  cavity  contains  nucleated  corpuscles,  and  has  the 
characters  of  ordinary  blood.  It  seems  probable  that  the  fluid 
of  the  pseud-bgmal  vessels,  as  it  contains  a  substance  resem- 
bling hnmoglobin,  represents  a  sort  of  respiratory  blood. 

In  the  Arthropoda,  no  segmental  organs  or  pseud-heemal 
teasels  are  known.  In  the  lowest  forms,  the  perivisceral 
cavity  and  the  interstices  of  the  tissues  represent  the  whole 
blood  system,  and  colourless  blood  cells  float  in  their  fluid 
contents.  In  the  higher  forms,  a  valvular  heart,  with 
arteries  and  capillariAs,  appears,  but  the  venous  system  re- 
nuuns  more  or  lees  lacunar.  In  the  MoUvsea,  the  same 
jgradnal  differentiation  of  the  blood- vascular  system  is  ob- 
servable. In  very  many,  if  not  all,  the  blood  cavities 
cdminunicate  directly  with  the  exterior  by  the  '  organs  of 
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BojannB' — ^whicli  resemble  very  simple  segmental  organs, 
and  appear  to  be  always  associated  with  the  renal  apparatus. 
In  the  VertebratcL,  Amphiomu  has  a  system  of  blood  vessels 
with  contractile  walls,  and  no  distinct  heart.  In  aU  the  other 
Vertebrates  there  is  a  heart  with  at  fewest  three  chambers 
(wnua  vefnotUB,  atriwn,  ventricle),  arteries,  capillaries,  and  TeinB, 
and  a  system  of  lymphatic  vessels  connected  with  the  veins. 
The  lymphatic  flnid  consists  of  a  colourless  plasma,  with 
equally  colourless  nucleated  corpuscles;  the  blood  plasma 
contains,  in  addition,  red  corpuscles,  which  are  nucleated  in 
IMhyopeida  and  Sauropeida,  but  hare  no  nucleus  in  the 
MammaUa.  The  lymphatic  vessels  always  communicate 
with  the  interstitial  lacuns  of  the  tissues,  and,  in  the  lower 
Yertebrates  are  themselves,  to  a  great  extent,  irregular 
sinuses.  The  venous  system  presents  many  large  sinuses  in 
the  lower  vertebrates;  while,  in  the  higher  forms,  these 
sinuses  are  for  the  most  part  replaced  by  definite  vessels  with 
muscular  walls.  But  the  "  serous  cavities  '*  remain  as  vaat 
lymphatic  lacunsB.  Yalves  make  their  appearance  in  the 
lymphatics  and  in  the  veins,  and  the  heart  becomes  sub- 
divided in  such  a  manner  as  to  bring  about  a  more  and 
more  complete  separation  of  the  systemic  circulatory  appa- 
ratus from  that  which  supplies  the  respiratory  organs. 

The  Beepiratory  Syetem, — ^In  the  lower  Metcuoa  respira- 
tion is  effected  by  the  general  surface  of  the  body.  In  the 
Annelids,  processes  of  the  integument,  which  are  sometimes 
branched  and  usually  are  abundantly  ciliated  and  supplied 
with  pseud-hsamal  vessels,  give  rise  to  hranchuB,  Branchise, 
abundantly  supplied  with  blood-vessels,  but  never  ciliated, 
attain  a  great  development  in  the  Cradcteea.  The  access 
of  fresh  water  to  them  is  secured  by  their  attachment  to 
some  of  the  limbs ;  and,  in  the  higher  Crustaceans,  one  of 
the  appendages,  the  second  maxilla,  serves  as  an  accessory 
organ  of  respiration.  Although  especially  adapted  for 
aquatic  respiration,  they  are  converted  into  air*breathing 
organs  in  the  land  crabs,  being  protected  and  kept  moist  in 
a  large  chamber  formed  by  the  carapace. 
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In  some  mollafikfl  {e.g.  Pieropodd),  the  delicate  lining 
membrane  of  the  pallial  cayity  serves  as  the  respiratory 
organ ;  bat,  in  most,  branched  or  laminated  processes  of  the 
body  gire  rise  to  distinct  branchisd.  The  mantle  becomes 
an  aoeeasory  organ  of  respiration,  being  so  modified  as  to 
direct,  or  to  cause,  the  flow  of  currents  of  water  over  the 
brancfaisB  contained  in  its  cavity.  In  many  adult  nrodele 
Amphibia  {PereviMibranchiata),  and  in  the  embryonic  con* 
dition  of  all  AmphOria  and  of  many  fishes,  branchisd  of  a 
fhnilar  character,  abundantly  supplied  with  blood  Teesels, 
ue  afckached  to  more  or  fewer  of  the  yisoeral  arches. 

In  all  these  cases  the  branchisd  are  external,  and  are 
developed  from  the  integument.  In  Crostaceans  and  Mol- 
losks  the  blood  with  which  they  are  supplied  is  retnm- 
ing  to  the  heart ;  while,  in  the  Vertebraia  mentioned,  it  is 
flowing  from  the  heart;  and  it  will  be  observed  that  the 
gradual  perf  ectioning  of  the  respiratory  machinery  consists, 
first,  in  the  outgrowth  of  parts  of  the  integument  specially 
adapted  to  subserve  the  interchange  between  the  gases 
contained  in  the  blood  and  those  in  the  surrounding 
medium;  secondly,  in  the  increase  of  the  surface  of  the 
hnnchis,  so  as  to  enable  them  to  do  their  work  more 
rapidly ;  thirdly,  in  the  development  of  accessory  organs,  by 
vhich  the  flow  of  water  over  the  branchiffi  is  rendered 
definite  and  constant,  and  may  be  increased  or  diminished 
in  accordance  with  the  needs  of  the  odconomy. 

It  IB  probable  that  the  water-vascular  system  and  the 
segmental  organs  of  Turbellarians  and  AnneUds ;  the  cloacal 
tobes  of  the  Qephyrea  and  of  some  Holotkuridea ;  the  ambu- 
lacral  Teaicles  of  the  Echinoderms,  and  the  large  phaxyngeal 
cavity  of  the  Polyaoa ;  to  a  greater  or  less  extent,  subserve 
respiration,  and  constitute  internal  respiratory  organs. 

Li  Myriapoda  and  Inaecta,  the  6-ac^MB — ^tubes  which  open 
on  the  sarface  of  the  body  and  contain  air,  and  are  curiously 
similar  in  their  distribution  to  the  water  vesseLs  of  the 
worms — constitute  a  very  complete  internal  aerial  respira- 
tory apparatus. 

In  AraehtUda,  trachen  may  exist  alone,  or  be  accompanied 
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hj  folded  ptdmoTiary  socb,  or  the  latter  maj  exist  alone,  as 
in  the  Scorpion.  In  this  case,  these  longs  are  supplied  by 
blood  which  is  returning  from  the  heart. 

In  these  animals,  the  flow  of  air  into  and  out  of  the  air 
cavities  is  governed  by  the  contractions  of  muscles  of  the 
body,  disposed  so  as  to  alter  its  vertical  and  longitudinal 
dimensions.  In  the  higher  forms,  the  entrance  and  exit  of 
air  is  regulated  by  valves,  placed  at  the  external  openings 
{stigmaJba)  of  the  tracheffi,  and  provided  with  muscles,  by 
which  they  can  be  shut. 

In  the  Enteropneusta  and  the  Tunicaia  a  new  form  of 
internal  aquatic  respiratory  apparatus  apx>ear8.  The  large 
pharynx  is  perforated  by  lateral  apertures,  which  place  its 
cavity  in  communication  with  the  exterior ;  and  water,  taken 
in  by  the  mouth,  is  driven  through  these  branchial  clefts  and 
aerates  the  blood,  which  circulates  in  their  interspaces. 

The  respiratory  apparatus  of  Ainphiomu,  of  all  adult 
fishes,  and  of  the  tadpoles  of  the  higher  anurous  Amphibia, 
in  a  certain  stage  of  their  existence,  is  of  an  essentially 
similar  character.  The  accessory  respiratory  apparatus  for 
the  maintenance  and  .the  regulation  of  tiie  currents  of 
water  over  the  gills  is  furnished  by  the  visceral  arches  and 
their  muscles;  and  the  respiratory  blood  flows  from  the 
heart. 

In  MoUusks  which  live  on  land  (Ptdmogcuteropoda), 
the  lining  wall  of  the  mantle  cavity  becomes  folded  and 
highly  vascular,  and  subserves  the  aeration  of  the  venous 
blood,  which  flows  through  it  on  its  way  to  the  heart. 
The  lung  is  here  a  modification  of  the  integument,  and 
might  be  termed  an  ewtemal  lung.  The  lungs  of  the  air- 
breathing  Vertebrata,  on  the  contrary,  are  diverticula  of 
the  alimentary  canal,  posterior  to  the  hindermost  of  the 
visceral  arches.  They  receive  their  blood  from  the  hinder., 
most  aortic  arch.  It  therefore  flows  from  the  heart.  The 
gradual  improvement  of  these  lungs  as  respiratory  machines 
is  effected,  first,  by  the  increase  of  the  surface  over  which 
the  venous  blood  brought  to  the  lungs  is  distributed; 
secondly,  by  changes  in  the  walls  of  the  cavity  in  which 
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the  longs  are  oontained,  by  which  that  cayity  gradually 
becomes  ahnt  off  from  the  peritoneal  chamber,  and  divided 
from  it  by  a  mnacnlar  partition.  Concurrently  with  these 
modifications,  a  series  of  alterations  takes  place  in  the 
accessory  apparatus  of  respiration,  whereby  the  machinery 
^  inspiration,  which,  in  the  lower  VerM)r<Ua,  is  a  buccal 
foie&>pump,  which  drives  air  into  the  lungs,  in  the  same 
▼a.y  as  water  is  driven  through  the  branchi»,  is  replaced 
bj  a  thoracic  suction-pump,  which  draws  air  into  the  lungs 
by  dilatation  of  the  walls  of  the  closed  cavity  in  which  they 
are  contained*  Along  with  these  changes,  modifications  of 
die  heart  take  place,  in  virtue  of  which  one  half  of  its  total 
UMchanical  power  becomes  more  and  more  exclusively 
appropriated  to  the  task  of  driving  the  blood  through  the 
hmgs. .  The  term  '  double  circulation '  applied  to  the  course 
of  the  blood  in  the  highest  Veriebraia  is,  however,  a  mis- 
nomer. In  the  highest,  as  in  the  lowest,  of  these  animals, 
the  blood  completes  but  one  circle,  and  the  respiratory 
organ  is  in  the  course  of  the  outward  current. 

Many  gmiwuila  are  truly  amphibious,  combining  aquatic 
and  aerial  respiratory  organs. 

Thus,  among  Mollusks,  Am^puUaria  and  OnchidtMn  combine 
branchise  with  pulmonary  organs ;  many  Teleostean  fishes 
hare  the  lining  membrane  of  the  enlarged  branlihial  chamber 
Taacnlar  and  competent  to  subserve  aerial  respiration. 
And  in  the  ChmoitU  and  Teleostei,  the  presence  of  an  air 
bladder,  which  is  both  functionally  and  morphologically  of 
the  same  nature  as  a  lung,  is  very  common.  But,  in  the 
majority  of  the  TeUotiei,  the  air  bladder  is  turned  aside 
from  its  pulmonary  function  to  subserve  mechanical  pur- 
poses, in  affecting  the  specific  gravity  of  the  body.  On  the 
other  hand,  in  the  Ckmoids  and  Dipnoi,  the  whole  series  of 
modifications  by  which  the  air  bladder  passes  into  the  lung 
ar«  patent.  In  such  lower  Amphibia  as  Proteus  and  Jfeno- 
^niiidbM,  branchial  respiration  is  predominant,  and  the  lungs 
are  subsidiary ;  but  in  the  higher,  the  lungs  acquire  greater 
importance,  while  the  branchiffi  diminish,  and  eventually 
disappear. 
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The  Uropoietic  System, — IJropoietio  organs,  distinct  from 
the  alimentary  canal,  *  are  probabl j  represented  by  the 
water-yascular  system  and  segmental  organs  of  the  worms. 
The  'organs  of  Bojanns'  of  MoUosks  are  sacs  or  tubes 
opening,  on  the  one  side,  on  the  exterior  of  the  body,  and,  on 
the  other,  into  some  part  of  the  blood-yascular  system.  So 
far,  as  Gkgenbanr  has  shown,  they  resemble  the  segmental 
organs  of  Annelids.  In  the  minority  of  the  Molhuea,  some 
part  of.  the  wall  of  the  organ  of  Bojanns  is  in  close 
relation  with  the  venous  system  near  the  heart,  and  the 
nitrogenous  waste  of  the  body  is  here  elinunated  from  the 
venous  blood.  In  the  Vertebraia,  the  renal  apparatus  is 
constructed  on  the  same  principle.  If  for  simplicity's  sake 
we  reduce  a  mammalian  kidney  to  an  ureter  with  a  single 
urinif erous  tubule,  it  corresponds  with  an  organ  of  Bojanos, 
so  far  as  it  contains  a  cavity  communicating  with  the 
exterior  at  one  end,  and  having  a  vascular  plexus— the 
Malpighian  body — ^in  intimate  contact  with  the  opposite  end. 
In  the  adult  mammal  there  is  no  direct  communication 
between  the  uiinaiy  duct  and  the  blood- vascnlar  system. 
But,  inasmuch  as  recent  researches  have  proved  that  the 
ureter  is  formed  by  subdivision  of  the  Wolffian  duct,  and  that 
the  Wolffian  duct  is  primitively  a  diverticulum  of  the  perito- 
neal cavity,  and  remains  for  a  longer  or  shorter  time  (per- 
manently, in  some  of  the  lower  Yertebrata,  as  Myxine)  in 
communication  therewith;  and  since  it  has  further  been 
shown  that  the  peritoneal  cavity  communicates  directly 
with  the  lymphatics,  and  therefore  indirectly  with  the  veins ; 
it  follows  that  the  vertebrate  kidney  is  an  extreme  modifica- 
tion of  an  organ,  the  primitive  type  of  which  is  to  be  found 
in  the  organ  of  Bojanus  of  the  Mollusk,  and  in  the  seg- 
mental organ  of  the  Annelid;  and,  to  go  still  lower,  in  the 
water- vascular  system  of  the  TurbeUarian.  And  this,  in  its 
lowest  form,  is  so  similar  to  the  more  complex  conditions  of 
the  contractile  vacuole  of  a  Protozoon,  that  it  is  hardly 
straining  analogy  too  far  to  regard  the  latter  as  the  primaxy 
form  of  uropoietic  as  well  as  of  internal  respiratory  ap- 
paratus. 
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The  Nervous  8ydem. — ^In  its  essential  nature,  a  nerre 
JB  a  definite  tract  of  Hving  substance,  through  which  the 
molecular  ehangee  which  occur  in  any  one  part  of  the 
wgaaism  are  conveyed  to  and  affect  some  other  part. 
Thus,  if,  in  the  simple  i»rotophisniic  body  of  a  Frotozoon, 
ft  stbnnfaiB  applied  to  one  part  of  the  body,  were  more 
readily  transmitted  to  some  other  part,  along  a  particular 
tract  of  the  protoplasm,  that  tract  would  be  a  virtual  nerve, 
although  it  might  have  no  optical  or  chemical  characters 
vhich  should  enable  us  to  distinguish  it  from  the  rest 
of  the  protopilasm. 

It  is  important  to  have  this  definition  of  nerve  clearly 
before  us  in  considering  the  question  whether  the  lowest 
animals  possess  nerves  or  not.  Assuredly  nothing  of  the 
kind  is  discernible,  by  such  means  of  investigation  as  we 
si  present  possess,  in  Proiogoa  or  Portfera ;  but  any  one  who 
has  attentively  watched  the  ways  of  a  Colpoda,  or  still 
more  of  a  VortieeUa,  will  probably  hesitate  to  deny  that 
they  possess  some  apparatus,  by  which  external  agencies 
gire  rise  to  localised  and  co-ordinated  movements.  And 
when  we  reflect  that  the  essential  elements  of  the  highest 
nervous  Bystem — ^the  fibrils  into  which  the  axis  fibres  break 
up— are  filaments  of  the  eztremest  tenuity,  devoid  of  any 
definite  structural  or  other  characters,  and  that  the  nervous 
Bjstem  of  MiiTnala  only  becomes  conspicuous  by  the  gather- 
ing together  of  these  filaments  into  nerve  fibres  and  nerves, 
it  will  be  obvious  that  there  are  as  strong  morphological, 
as  there  are  physiological,  grounds  for  suspecting  that  a 
nerroos  system  may  exist  very  low  down  in  the  animal 
Bcale,  and  possibly  even  in  plants. 

The  researcbes  of  Kleinenberg,  which  may  be  readily 
Terified,  have  shown  that,  in  the  common  Hydra,  the  inner 
ends  of  the  cells  of  the  ectoderm  are  prolonged  into  deli- 
cate processes,  whicb  are  eventually  continued  into  very 
fine  longitudinal  filajnents,  forming  a  layer  between  the 
^ctAderm  and  the  endoderm. 

Kleinenberg  terms  these  neuro-muscular  elements,  and 
thinks  that  they  represent  both  nerve  and  muscle  in  their 
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undiiFerentiated  state.  But  it  appears  to  me  that  while 
the  assumed  contractility  of  these  fibres  might  account  for 
the  shortening  of  the  body  of  the  Polype,  they  can  have 
nothing  to  do  with  its  lengthening.  As  the  latter  moTe- 
ments  are  at  least  as  vigorous  as  the  former,  we  are  there- 
fore obliged  to  assume  sufficient  contractility  in  the  general 
constituents  of  the  body  to  account  for  them.  And  if  so, 
what  ground  is  there  for  supposing  that  this  contractility 
can  be  exerted  by  only  one  tissue  when  the  body  shortens  ? 
To  my  mind,  it  is  more  probable  that  "  Kleinenberg*8 
fibres"  are  solely  intenmncial  in  function,  and  therefore 
the  primary  form  of  nerve.  The  prolongations  of  the  ecto- 
dermal cells  have  indeed  a  strangely  close  resemblance  to 
those  of  the  cells  of  the  olfactory  and  other  sense  organs 
in  the  Vertehrata;  and  it  seems  probable  that  they  are 
the  channels  by  which  impulses  affecting  any  of  the  cells 
of  the  ectoderm  are  conveyed  to  other  cells  and  excite  their 
contraction. 

The  researches  of  Eimer*  upon  the  nervous  system  of 
the  Ctenophora  are  in  perfect  accordance  with  this  view. 
The  mesoderm  is  traversed  in  all  directions  by  very  fine 
fibrils,  varying  in  diameter  from  -^^^^  to  ^rshsrs  of  an  inch. 
These  fibrils  present  numerous  minute  varicosities,  and,  at 
intervals,  larger  swellings  which  contain  nuclei,  each 
with  a  large  and  strongly  refracting  nucleolus.  These 
fibrils  take  a  straight  course,  branch  diohotomously,  and 
end  in  still  finer  filaments,  which  also  divide,  but  become 
no  smaller.  They  terminate  partly  in  ganglionic  ceUs,  partly 
in  muscular  fibres,  partly  in  the  ceUs  of  the  ectoderm  and 
endoderm.  Many  of  the  nerve  fibrils  take  a  longitudinal 
course  beneath  the  centre  of  each  series  of  paddles,  and  these 
are  accompanied  by  ganglionic  cells,  which  become  particu- 
larly abundant  towards  the  aboraJ  end  of  each  series.  The 
eight  bands  meet  in  a  central  tract  at  the  aboral  x>ole  of  the 
body ;  but  Eimer  doubts  the  nervous  nature  of  the  cellular 
mass  which  lies  beneath  the  lithocyst  and  supports  the  eye- 
spots. 

^  *  Zoologlsche  Studien  anf  Capri.'    Leipzig,  1873. 
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The  nenrons  Bjstem  of  the  Otenophoran  is,  therefore, 
just  such  aa  would  arise  in  Hydra,  if  the  deyelopment  of  a 
thick  mesoderm  gare  rise  to  the  separation  and  elongation 
of  Kleinenberg^s  fibres ;  and  if  special  bands  of  snch  fibres, 
derdoped  in  relation  with  the  chief  organs  of  locomotion, 
united  in  a  central  tract  directly  connected  with  the  higher 
sensoTj  organs.  We  have  here,  in  short,  virtual,  though 
mcompletely  differentiated,  brain  and  nerves. 

All  recent  invesldgation  tends  more  and  more  completelj 
to  establish  the  following  conclusions:  firstly,  that  the 
central  ganglia  of  the  nervous  system  in  all  animals  are 
derived  from  the  ectoderm ;  secondly,  that  all  the  nerves  of 
the  sensory  organs  terminate  in  cells  of  the  ectoderm; 
thirdly,  that  all  motor  nerves  end  in  the  substance  of  the 
nniflcnlar  fibres  to  which  they  are  distributed.  So  that,  in 
the  highest  animals,  the  nervous  system  is  essentially 
similar  to  that  of  the  lowest;  the  difference  consisting,  in 
part,  in  the  pro]>ortional  size  of  the  nepve  centres,  and,  in 
part,  in  the  gathering  together  of  the  intemuncial  filaments 
into  bundles,  having  a  definite  arrangement,  which  are  the 
wreeM,  in  the  ordinary  anatomical  sense  of  the  term. 

And  as  respects  the  ectodermal  ceUa  which  constitute  the 
fondamental  part  of  the  organs  of  the  special  senses,  it  is 
becoming  clear  that  the  more  perfect  the  sensory  apparatus, 
the  more  completely  do  these  senslgenous  cells  take  on  the 
form  of  delicate  rods  or  filaments.  Whether  we  consider 
the  organs  of  the  lateral  line  in  Fishes  and  Amphibia ;  the 
gustatory  bulba ;  the  olfactory  cells ;  the  auditory  cells ;  or 
the  elements  of  the  retina,  this  rule  holds  good. 

Every  one  of  the  organs  of  the  higher  senses  makes  its 
appearance  in  the  animal  series  as  a  part  of  the  ectoderm, 
the  cdls  of  whioh  have  undergone  a  slight  modification.  In 
the  case  of  tbe  eye,  accessory  structures,  consisting  of 
▼ariously-ooloured  masses  of  p^gpnent,  which  surround  the 
viBoal  ceHs,  and  of  a  transparent  refracting  cuticular  or 
ceDnlar  structure  which  lies  superficially  to  them — a  rudi- 
mentary choroid  and  cornea — are  next  added.  The  highest 
torm  of  compoiind  Axthropod  eye  differs  from  this  only  in 
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the  differentiAtion  of  the  layer  of  sensigenons  ceUs  into  the 
ciTstalline  cones  and  their  appendages,  and  it  has  not  been 
clearly  made  out  that  the  simple  eyes  of  most  other  Inver^ 
iebii*ata  have  undergone  any  farther  change^ 

Bnt  in  NavJtilus  the  nerre  cells  and  choroid  line  the  walls 
of  a  deep  cup  open  externally ;  which,  though  its  derelop- 
ment  has  not  been  traced,  may  be  safely  assumed  to  resnlt 
from  the  inyolution  of  the  retinal  ectoderm.  It  may  be 
compared  to  an  arthropod  compound  eye  become  concave 
instead  of  convex. 

In  the  higher  Cephalopoda,  the  margins  of  the  ocular 
pouch  unite  and  give  rise  to  a  true  cornea,  which,  how- 
ever, frequently  remains  perforated ;  and  a  crystalline  lens 
is  developed^  In  the  higher  Vertebrcda  the  retina  is  still 
a  modified  portion  of  the  ectoderm.  For  inasmuch  as  the 
anterior  cerebral  vesicle  is  formed  by  involution  of  the 
epiblast,  and  the  optic  vesicle  is  a  diverticulum  of  the 
anterior  cerebral  vesicle — it  necessarily  follows  that  the 
outer  wall  of  the  optic  vesicle  is  really  part  of  the  ecto- 
derm, its  inner  face  being,  morphologically,  a  portion  of  the 
surface  of  the  body.  The  rods  and  cones  of  the  verte- 
bi^te  eye,  therefore,  exactly  correspond  with  the  czystalline 
cones,  &c.,  of  the  Arthr(^K)d  eye;  and  the  reversal  of  the 
ends  which  are  turned  towards  the  light  in  the  Vertebraia, 
is  a  necessary  result  of  the  extraordinary  change  of  position 
which  the  retinal  surface  undergoes  in  them. 

In  thC'part  of  the  ectoderm  which  takes  on  the  auditoiy 
function,  two  kinds  of  accessory  organs,  solid  particles 
suspended  in  a  fluid  and  fine  hair-like  filaments*  are  deve- 
loped in  close  relation  with  the  nerve  endings.  In  the 
Crutiaeea  both  are  combined,  and  an  involution  of  the 
sensory  region  takes  place,  which  usually  remains  open 
throughout  life,  and  represents  the  most  rudimentary  form 
of  auditory  labyrinth.  The  Crustacean  ear  is  the  parallel  of 
the  Ncmtilus  eye.  In  the  Vertebratctf  the  membranous  laby- 
rinth is  similarly  an  involution  of  the  integument,  which 
remains  open  throughout  life  in  many  Fishes,  but  becomes 
shut  off' and  surrounded  by  thick  mesoblastic  structures  in 
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all  the  higher  VerMrata.  The  tympofmim  and  the  otsieula 
mMfU  are  additional  accessory  stractores,  formed  at  the 
expense  of  the  hyomandibnlar  cleft  and  its  botindaiy  walls. 

The  BeproducHve  Bygtem, — The  relation  of  the  reprodnc- 
tire  eLements  to  the  prixnitiye  layers  of  the  germ,  is  as  yet 
oncertain.  E.  Tan  Beneden  has  brought  forward  yery 
strong  evidence  to  the  effect  that  in  HydraMua,  the 
spennatoKoa  ajne  modified  cells  of  the  ectoderm,  and  the 
ora  of  those  of  the  endoderm;  btit  whether  it  can  be 
ofdy  oonclnded  that  this  role  holds  good  for  animals 
generally,  is  a  question  that  can  <mly  be  settled  by  much 
and  difficult  inyestigation.  The  fact  that,  in  the  Vertebrata, 
ihe  ora  and  spermatozoa  are  prodncts  of  the  epithelial 
lining  of  the  peritoneal  cavity,  and  therefore  proceed  from 
the  mesoblast,  appears  at  first  sight  directly  to  n^fative  any 
nich  generalisation.  Bat  it  must  be  remembered  that  the 
origin  of  the  mesoblast  itself  is  yet  nncertain,  and  that  it  is 
quite  possible  that  one  portion  of  that  layer  may  originate 
in  the  ectoderm  and  another  in  the  endoderm. 

There  is  some  reason  to  snspect  that  hermaphrodism 
was  the  primitive  condition  of  the  serual  apparatus,  and 
that  nniaexnality  is  the  result  of  the  abortion  of  the  organs 
of  the  other  sex,  in  males  and  females  respectiTely. 

Teiy  low  down  in  the  animal  series,  among  the  TwrhdlariQ^ 
the  accessory  organs  of  generation  acqoire  a  great  com- 
plexity. In  the  lower  TunrbeUaria  the  excretory  dnct  is  a 
mzane  short  wide  passage.  But*  in  the  higher  TurbeUaria  and 
Trematodii,  the  female  apparatos  presents  a  germarinm,  in 
which  the  ora  are  developed ;  vitellarian  glands,  which  give 
rise  to  a  sapplemental  or  food  yelk ;  an  oviduct ;  a  uteros 
and  vagina;  and  a  spermatheca^  in  which  the  semen  is 
atored  up.  The  male  apparatns  presents  a  testis,  a  vas 
defereas,  and  a  penis*  The  function  of  the  vitellarian 
gland  may  be  taken  on  by  cells  of  the  ovary,  or  oviduct; 
or  accessory  yelk  substance  may  be  formed  within  the  inri- 
ndtive  ovum  itself,  in  the  iLrtibrojpoda  and  in  most  MoUusea ; 
hot  the  reproductive  organs  in  all  these  animals  are  redu- 
cible to  the  TnzbeUanaa  type. 

1*  2 
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In  the  Annelids  {OligoehcBta  and  PolyeluBta),  the  OTaria  and 
testes  often  hare  no  special  ducts,  and  their  prodacts  make 
their  waj  ont  of  the  body  bj  canals  which  appear  to  be 
modified  segmental  organs. 

In  the  Cephalopoda,  again,  the  ovaria  and  testes  part  with 
their  contents  by  dehiscence  into  chambers  connected  with 
the  water  cavities,  which  are  prolongations  of  the  organs  of 
BojanuB.  •  And  they  are  conyeyed  away  from  these  chambers 
by  ducts,  the  oviducts  or  vasa.  def erentia,  which  commence 
by  open  mouths  in  them. 

In  the  Vertebraia,  the  reproductive  organs  either  dehisce 
and  pour  their  contente  into  the  peritoneal  cavity,  whence 
they  are  conveyed  outwards  by  abdominal  pores  {Mdrsipo- 
hrwncMi,  many  Teleo$tei),  or  they  are  continued  into  ducta 
which  open  behind  the  anus  separately  from  the  renal 
opening  in  the  females,  but  in  common  with  it  in  the  males 
(most  Teleosteans) ;  or  their  ducts  are  derived  from  portions 
of  the  primitive  renal  apparatus  which,  as  we  have  seen,  is 
a  structure  of  the  same  order  as  the  organs  of  Bojanus  and 
the  segmental  organs.  The  testis  is  usually  converted  into 
a  mass  of  tubuli,  which  eventually  open  directly  into  the 
ducts  (epididftnit,  vas  deferens)  derived  from  the  renal 
organs.  The  ovary,  on  the  other  hand,  becomes  an  aggre- 
gation of  sacs — the  Graafian  follicles — and  the  oviducts  open 
into  the  peritoneal  cavity. 

Devehpmerd. — The  embryo  either  passes  through  all 
stages  from  the  morula  to  a  condition  differing  from  the 
adult  only  in  size,  proportions,  and  sexual  characters,  or  it 
l^ves  the  egg  in  a  condition  more  or  less  remote  from  the 
adult  state,  and  sometimes  ^ceedingly  different  from  it. 
In  the  latter  case,  the  animal  is  said  to  undergo  a  meiamer- 
phosUs  Each  of  these  modes  of  development  occurs  in  mem- 
bers of  the  same  group,  and  often  in  closely  allied  forms :  as, 
for  example,  the  former  in  the  crayfish  {Astaevs),  and  the 
latter  in  the  lobster  (Momofrus), 

When  metamorphosis  occurs,  the  larva  may  live  under 
conditions  totally  different  from  those  under  which  the 
adult  passes  its  existence,  and  its  structore  may  be  varioiuJy 
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loodified  in  relation  to  these  Gonditions.  Thus  the  hurva  of 
an  animal  which  is  fixed  in  the  adult  state  may  be  provided 
with  largely  dereloped  looomotiye  organs ;  while  that  of  an 
adoH  which  feeds  by  suction  may  be  provided  with  power- 
ful apparatus  for  the  seizure  and  manducation  of  vegetable 
and  animal  prey. 

The  larva  of  a  free  adult  may  be  parasitic,  or  that  of  a 
parasitic  adult  free  and  actively  locomotive.  Moreover,  the 
whole  course  of  development  may  take  place  outside  the 
body  of  the  parent,  or  more  or  less  extensively  within  it; 
whence  the  distinction  of  ovipanme,  ovovmparoM,  and 
rtv^MMtma*  animrfs 

Finally,  when  development  takes  place  within  the  body 
of  the  parent,  the  foetus  may  receive  nourishnient  from  the 
latter  by  means  of  an  apparatus  termed  skpUtcenUi,  by  which 
an  exchange  between  the  parental  and  foetal  blood  is 
readily  effected.  Examples  of  placentfle  are  found  not  only 
in  the  higher  mammals,  but  in  some  Flagiostome  fishes 
and  among  the  Tumeata, 

In  many  Insecfcs  and  in  the  higher  Yertebrates,  the  embiy  o 
acquires  a  special  protective  envelope,  the  amnitm,  which 
is  thrown  off  at  birth ;  while,  in  many  Yertebrates,  another 
fcetal  appendage,  the  aUantoii,  subserves  the  respiration 
and  nutrition  of  the  foetus. 

The  strange  phenomena  included  under  tibie  head  of  the 
Alternation  of  G^enerations,  and  which  result  from  the 
division,  by  budding  or  otherwise,  of  the  embryo  which 
leaves  the  egg,  into  a  succession  of  independent  zooids, 
only  the  last  of  which  acquires  sexual  organs,  have  already 


egg* ;  to  those  in  which  the  eggs 
are  hatched  within  the  interior 
of  the  bod^,  without  any  special 
foetal  nutritive  apparatus;  and 
to  those  in  which  the  young  are 
provided  with  such  an  apparatus, 
they  have  a  certain  convenience. 


*  As  eggs  e^wble  of  develop- 
ment are  alive,  this  terminology  is 
etynologiflally  iMd ;  and  owvivi" 
parouM  is  particularly  objectiiin- 
sble,  as  sJl  aoJmals  bring  forth 
hve  eggs  or  that  which  prooeeds 
fnm  them.  Bat  as  understood 
to  spply  to  aff<"»*l»  which  lay 
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IV.— THE  DI8TBIBUTI0N  OP  ANIMALS. 

The  distribution  of  animals  has  to  be  considered  xinder 
two  points  of  view ;  first*  in  respect  of  the  present  condition 
of  nature;  and  secondly,  in  respect  of  past  conditions. 
The  first  is  commonly  termed  Geographical,  the  second 
'Geological,  or  Pakeowtological,  Distribution,  A  little  con- 
sideration, howerer,  will  show  that  this  classification  of  the 
facts  of  distribution  is  essentially  faulty,  inasmuch  as  many 
of  the  phenomena  included  under  the  second  head  are  of  the 
same  order  as  those  comprehended  under  the  first.  Zoologi- 
cal Distribution  comprehends  all  the  facts  which  relate 
to  the  occurrence  of  animals  upon  the  earth's  surface, 
throughout  the  time  during  which  animal  life  has  existed 
on  the  globe.    Therefore  it  embraces — 

First,  Zoological  Chronology,  or  the  duration  and  order 
of  succession  of  living  forms  in  time ;  and — 

Secondly,  Zoological  Geography,  or  the  distribution  of  life 
on  the  earth's  suif  ace  at  any  given  epoch. 

What  is  commonly  termed  G^graphical  Distribution, 
is  simply  that  distribution  which  obtains  at  the  present 
epoch;  but  it  is  obvious,  that  at  any  given  moment  in 
their  past  history,  animals  must  have  had  some  sort  of 
geographical  distribution;  and  considerable  acquaintance 
with  the  nature  of  that  distribution  has  now  been  obtained 
for  all  the  epochs,  the  nature  of  the  living  population  of 
which  has  been  revealed  by  fossil  remains.  I  do  not  propose 
to  deal  at  length  with  eitiier  branch  of  distribution  in  this 
place,  but  a  few  broad  truths  which  have  been  established 
may  be  iiientioned. 

Geographical  BigtribvJtumal  the  present  epoch, — ^The  Fauna 
of  the  deep  sea  (below  500  fathoms)  has  been  shown  bj 
the  investigations  of  Wy  viUe  Thomson  and  his  associates 
of  the  '  Challenger,'  to  present  a  striking  general  uniformity 
in  all  parts  of  the  world  hitherto  explored,  in  correspondence 
with  the  general  uniformity  of  conditions  at  such  depths. 
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With  reepect  to  the  surface  of  the  sea,  the  obserratioiis 
of  the  same  naturalists  tead  to  establish  a  like  uniformity 
•>f  the  great  types  of  Foraminiferal  life  throughout  the 
tropical  and  temperate  zones — with  a  diminution  in  the 
abnndaiice  of  that  life  towards  the  arctic  and  antarctic 
regiona,  where  it  appears  to  be  replaced  by  Badiolaria  and 
Diatomaceous  plants. 

With  regard  to  higher  organisms,  the  oceanic  Bydronoa 
and  the  Ctenc^^ora  are  undoubtedly  yeiy  widely  spread, 
it  is  probable  that  they  attain  their  ma^Tiinum  deyelop- 
nient  in  warm  seas,  though  the  known  facts  are  insufficient 
for  the  definite  conclusion*  SagiUa  and  Affpendieulanat 
with  many  genera  of  Copepoda,  Orudacea,  and  Pieropoda, 
are  of  world-wide  distribution ;  and  it  is  at  present  doubtful 
whether  any  well-marked  provinces  of  the  ocean  can  be 
defined  by  the  occurrence  of  purely  pelagic  animals.  On 
the  other  hand,  shallow-water  marine  auimalfl  fall  into 
aasemblages  characteristic  of  definite  areas  or  provinces  of 
didnbuHon — ^that  is  to  say,  though  many  species  have 
a  world-wide  distribution,  others  occur  only  in  particular 
locahties,  and  certain  geographical  areas  are  marked  by  the 
existence  in  them  of  a  number  of  such  peculiar  species. 
The  basins  of  the  Pacific,  the  Indian  Ocean,  the  Atlantic, 
the  Mediterranean,  and  the  Arctic  seas,  are  thus  especiaUy 
characterised;  and  even  limited  areas  of  these  great 
geographical  divisions,  such  as  the  Oeltic,  the  Lusitanian, 
and  the  Australian,  have  their  peci:iliar  f  eaturesr 

But  though  the  shallow-water  marine  Fauns  thus  follow 
the  broad  features  of  physical  geography,  and  though,  with- 
in each  great  province  of  distribution  thus  marked  out,  tem- 
pcratore  and  other  physical  conditions  have  an  obvious 
influence  in  determining  the  range  of  species;  yet,  on 
comparing  any  two  great  areas  together;  differences  in  di- 
nutal  conditions  are  at  once  seen  to  be  inadequate  to 
Moount  for  the  differences  between  the  Faunse  of  the  two 
areas.  Climate  in  no  way  enables  us  to  understand  why 
the  Trigonia,  the  pearly  Nautilus,  the  Cestracion,  the 
^iired  aeals,  and  the  penguins  are  found  in  the  Pacific, 
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and  not  in  the  Atlantic  area ;  *  nor  why  the  Cetcteea  of 
the  arctic  and  antarctic  regions  should  be  as  different 
as  thej  are.     When  we  torn  to  the  distribution  of  land 
animals,  the  bonndaiies  of   the   provinces   of   distribu- 
tion correspond  neither  with  physical  features  nor  with 
cUmatic  conditions.     Mammals,  birds,  reptiles,  and   am- 
phibians are  so  distributed  at  the  present  day  as  to  mark 
out  four  great  areas  or  provinces  of  distribution  of  very 
unequal  extent,  in  each  of  which  a  number  of  characteristic 
types,  not  found   elsewhere,  occur.     These  are,  1.   The 
ArctogcBolt  including  North  America,  Europe,  Africa,  and 
Asia  as  far  as  Wallace's  line,  or  the  boundary  between  the 
Indian  and  the  Papuan  divisions  of  the  Indian  Archipelago. 
2.  The  Atistroeolvmbian,  comprising  all  the  American  con- 
tinent south  of  Mexico.    3.  The  Autitralian,  tfom  Wallace*8 
line  to  Tasmania.     4.   The  Novwekmian,  induditig  the 
islands  of  New  Zealand.t 

There  is  now  no  doubt  that  provinces  of  distribution, 
closely  corresponding  with  these,  existed  at  the  time  of  the 
Quaternary  and  later  Tertiary  rocks.  In  Europe,  North 
America,  and  Asia,  i^re  Arctognal  province  was  as  ^stinctly 
characterised  in  the  Miocene,  and  probably  in  the  Eocene 
epoch,  as  it  is  at  present.  What  may  have  been  the  case  in 
Austrocolumbia,  Australasia,  and  Novozelania  we  have  no 
means  of  being  certain,  in  the  absence  of  sufficient  knowledge 
of  the  Miocene  and  Eocene  deposits  of  those  regions. 

Our  present  knowledge  of  the  geographical  distribution 
which  obtained  in  the  older  periods,  does  not  enable  us  to 
speak  with  any  confidence  as  to  the  limits  of  the  provinces 
of  distribution  in  the  past.  But  this  much  is  certain,  that 
as  far  back  as  the  epoch  of  the  Trias — at  the  dawn  of  the 


*  Penguins  are  found  at  the 
Cape  of  Good  Hope  and  at  the 
Falkland  Islands,  but  not  in  the 
northern  parts  of  the  West  Coast 
of  Africa,  nor  of  the  East  Coast 
of  South  America.  In  the  Pacific 
thev  stretch  north  to  the  Papuan 
and  Peruvian  coasts. 

t  On  the  classification  and  dis- 


tribution of  the  Aledoromorpha: 
and  Hetercmorpha :  Proceedings 
of  the  Zoolo^cal  Society,  1868. 
Sclater  on  the  'Geographical 
Distribution  of  Birds.'  Ibid, 
vol.  ii.  Pucheran,  'Revue  et 
Magasin  de  Zoologie,'  18"^  .5. 
Blurray,  *  The  Geographical  Dis- 
tribution of  Mammals.' 
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Seocmdarjr  period — ^tlie  BepHUa  and  Amphibia  of  Europe, 
India,  and  Soath.  Africa,  and  probably  Kortli  America, 
presented  the  same  kind  of  resemblance  as  the  mammals 
and  birds  of  the  corresponding  ArctogflBal  Fauna  do  now. 
But  then  there  is  no  information  respecting  the  Beptiles 
and  Amphibians  of  the  corresponding  epoch  in  Austro- 
cohunhia  and  Aiistralia»  so  that  it  is  impossible  to  saj 
vhether,  in  Triassic  times,  the  Arctogieal  proyince  was 
limited  as  it  is  now. 

Ootride  the  limits  of  the  ArotogsBal  province,  the 
msterials  for  forming  a  judgment  of  the  distribution  of 
animals  are  altogether  insufficient  to  enable  us  to  draw  any 
eonduiion  as  to  the  existence,  and  still  less  as  to  the  boun« 
Janes,  of  definite  proYinces  of  distribution  in  Palsoozoic 
times.  No  remains  of  land  animals  have  yet  been  dis- 
coTfared.  The  fresh-water  fauna  consists  of  Amphibians 
and  Fishes,  and  we  know  nothing,  or  next  to  nothing  of 
tliese  in  any  part  of  the  world  except  the  Arctognal  pro- 
nnoe. 

A  good  deal  is  known  of  the  older  Silurian  fauna  outside 
the  boundaries  of  the  present  Arctogieal  province,  and 
vitiun  those  of  both  the  Austrocolumbian  and  Australasian 
pr<mnoes.  With  a  generally  similar  fades  the  f aunse  of 
t^ese  regions  present  clear  differenoesi  And,  considering 
that  the  groups  of  animals  which  are  represented  are  chiefly 
deep  sea  and  pelagic  forms,  it  is  not  wonderful  that  this 
nmilarity  of  facies  should  exist.  The  inyestigations  of 
the  'Challenger'  expedition  show  that  such  forms  present 
a  Hke  similarity  of  facies,  at  the  present  day. 

One  ci  the  most  important  facts  which  hare  been  esta- 
biiahed  under  the  head  of  Zoological  Chronology,  is,  that 
in  all  parts  of  the  world,  the  fauna  of  the  later  part  of 
the  Tertiary  period,  in  any  province  of  distribution,  was 
nmde  up  of  forms  either  identical  with,  or  yery  similar  to 
those  now  Hring  in  that  area. 

For  example,  the  elephants,  tigers,  bears,  bisons,  and 
hippopotamuees  of  the  later  tertiary  deposits  of  England 
we  bU  doeely  allied  to  members  of  the  eristing  ArctogsBal 
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fauna ;  the  great  avmadilloB,  anteaters,  and  plat jrrhine  apes 
of  the  caves  of  South  Amerioa  are  as  closely  related  to  the 
existing  Austrocolumbian  fauna ;  and  the  fossil  kangaroos, 
wombats  and  phalangers  of  the  Australian  tertiaries  to 
those  which  now  live  in  the  Australasian'  proyince. 

No  remains  of  elephants  occur  in  Australia,  nor  kan- 
garoos in  Austrocolumbia ;  nor  anteaters  and  armadillos 
in  Europe  in  tertiary  deposits. 

But  as  we  go  back  in  time  from  the  Tertiary  to  the 
Secondary,  this  law  no  longer  holds  good.  Most  of  the 
few  terrestrial  mammals  of  secondary  age  which  have  been 
discoyered  belong  to  Australasian  and  not  to  Arctog»al 
types,  and  the  marine  fauna  resembles  that  of  the  existing 
Pacific  more  than  it  does  that  of  the  Atlantic  area,  but 
differs  from  both  in  the  presence  of  numerous  whoUy  extinct 
groups.  It  looks  as  if ,  in  the  latter  part  of  the  OretaceouB 
epoch,  a  great  change  in  the  limits  of  the  then  existing 
distributional  area  had  taken  place,  and  the  types  now 
characteristic  of  the  ArctogOBal  province  had  invaded  re- 
gions from  which  they  had  before  been  shut  out.  And  the 
assumption  of  a  process  of  a  similar  character  appears  to 
me  to  be  the  only  rational  explanation  of  the  rapid  advent 
of  types  absent  in  the  palsdozoic  deposits  known  to  us,  in  the 
earlier  Secondary  rocks. 

Yet  other  results  of  first-rate  importance  have  come  ont 
of  the  study  of  the  chronological  relations  of  fossil  remains. 
Cuvier's  investigations  proved  that  the  hiatuses  between 
existing  groups  of  ungulate  mammals  tend  to  be  filled  up 
by  extinct  forms.  Later  investigations  have  not  only  con- 
firmed this  conclusion,  but  have  shown  that,  in  several  cases, 
an  existing  much  modified  form  can  be  shown  to  have  been 
preceded  in  time,  in  the  same  distributional  area,  by  exactly 
such  forms  as  it  is  necessary  should  have  existed,  if  the 
much  modified  existing  animal  had  proceeded  by  way  of 
evolution  from  a  simpler  form. 

For  certain  groups  of  animals,  then,  there  is  as  much 
and  as  good  evidence  of  their  having  been  evolved  by  suc- 
cessive modification  of  a  primitive  form  as  the  nature  of 
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the  case  permits  ns  to  expect.  But  the  groups  in  which 
there  is  eridenoe  of  snoli  modifications  during  geologioallj 
recorded  time»  all  belong  to  the  most  differentiated  members 
ci  their  classea.  Liower  forms,  co-extensiye  in  duration,  ex- 
Idhit  no  sign  of  ha^in^  undergone  any  notable  modification. 
While  the  former  are  mutable,  the  latter  are  perndeni  types 
in  relation  to  geological  time. 

Learing  the  debateable  question  of  the  nature  of  Eoaoim 
aside,  the  oldest  f  oeeilif  erous  rocks  are  the  Cambrian.  The 
Bcantj  -fMitisi.  therein  preserved  consists  of  forms  which  are 
neither  JEVotosoa  nor  Forifera,  nor  even  appertain  to  the 
lowest  gronpe  of  their  respectiYe  classes.  There  is  no  reason 
to  bdieve  that  it  gi^ee  a  just  notion  of  the  contemporaneous 
fuma,  nor  is  there  an j  valid  reason  for  the  supposition 
that  it  represents  the  forms  of  animal  life  which  were  the 
first  to  make  their  appearance  on  our  planet. 
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CHAPTER  II. 

!rHE     PB0T020A. 

In  its  feebleei  maUifeatationB,  the  contractility  of  miiwn^lg 
results  in  mere  clianges  of  the  form  of  the  bodj,  as  in  the 
adult  QregarvntB ;  but,  from  the  sluggish  shortenings  and 
lengthenings  of  the  different  diameters  of  the  bodj  which 
these  creatures  exhibit,  all  gradations  are  traceable,  through 
those  animnJs  .which  push  out  and  retract  broad  lobular 
processes,  to  those  iu  which  the  contractile  prolongations 
take  the  form  of  long  and  slender  filaments.  Whether 
thick  or  filamentous,  such  contractile  processes  are  called 
**  pseudopodia,"  When  theii^  moyements  are  slow,  irregnlar, 
and  indefinite ;  *'  cilia  "  or  "  flagella,"  when  thej  are  rapid 
and  occur  rhythmically  in  a  definite  direction ;  but  the  two 
kinds  of  organs  are  essentially  of  the  same  nature.  It  will 
be  conyenient  to  distinguish  those  Protozoa  which  x>088ess 
pseudopodia,  as  myxopode,  and  those  which  are  provided 
with  cilia  or  flagella,  as  fnadigopodeu 

The  ProtoKoa  are  divisible  into  a  lower  and  a  higher 
group.  In  the  former — ^the  Monbra — ^no  defiziite  structure 
is  discernible  in  the  protoplasm  of  the  body ;  in  the  latter 
— ^the  Endoplastica — a  certain  portion  of  this  substance 
(the  so-called  nucleus)  is  distingpiishable  from  the  rest;* 
and,  very  commonly,  one  or  more  "  contractile  vacuoles " 
are  present.  The  name  of  covUrtictile  vaeucles  is  given  to 
spaces  in  the  protoplasm,  which  slowly  become  filled  with  a 
clear  watery  fluid,  and,  when  they  have  attained  a  certain 

*  I  adopt  this  distinction  as  a      whether  it  will  stand  the  test  of 
matter  of  temporary  convenience,       farther  investigation, 
tliough  I  entertain  great  donbt 
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size,  are  saddenlj  obliterated  bj  the  coming  together,  on 
all  sidea,  of  the  protoplasm  in  which  they  lie.  Tl^  ajstolic 
and  diastolic  moTement  nsoall  j  occurs  at  a  fixed  point  in  the 
protoplasm,  at  regolar  intenrals,  or  rh jthmicallj.  But  the 
racaole  has  no  proper  wall,  nor,  in  most  cases,  is  any  trace 
of  it  discernible  at  the  end  of  the  systole.  Occasionallj, 
the  vacuole  certainly  communicates  with  the  exterior,  and 
there  is  some  reason  to  think  that  such  a  commnnication 
may  always  exist.  The  fonction  of  these  organs  ia  entirely 
imknown,  thoogh  it  is  an  obvions  conjecture  that  it  may 
he  respiratory  or  excretory. 

Hie  "  nadeuB  **  is  a  structure  which  is  often  wonderfully 
siinilar  to  the  nucleus  of  a  histological  ceU,  but,  as  its 
identitj  with  this  is  not  fully  made  out,  it  may  better  be 
tenned  '^  endoplast."  It  is,  usually,  a  rounded  or  oval 
body  embedded  in  the  protoplasm,  and  but  slightly  dif- 
ferent therefrom  in  either  its  optical  or  chemical  characters. 
Generally  it  becomes  more  deeply  stained  by  such  colouring 
matters  as  hsematoxylin  or  carmine,  and  resists  the  action 
of  acetic  acid  better  than  the  surrounding  protoplasm. 

In  a  few  Pratonoa  there  are  many  endoplasts  in  the  sub- 
stance of  the  body,  and  the  protoplasqi  shows  some  tendency 
to  become  partially  differentiated  into  cells.  But  where, 
as  in  the  higher  Jti/twona,  the  body  presents  a  definite 
organisation,  with  permanently  differentiated  constituents, 
which  may  be  proi>erly  termed  tissues,  these  tissues  do  not 
result  from  the  metamorphosiB  of  cells,  but  originate  from 
the  protoplasm  directly  by  changes  of  its  physical  and 
chemical  characters. 

Oxijugation,  followed  by  the  development  of  germs, 
which  are  set  free  and  assume  the  form  of  the  parent,  has 
heen  observed  in  several  groups  of  the  Protozoa,  but  it  is 
not  yei  quite  certain  how  far  sexual  distinctions  are  esta- 
bhshed  amon^  these  animals. 
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I. — THE  MONB&A. 

In  these  lowest  forms  of  aniTnala  the  entire  Hying  body 
consists  of  a  particle  of  gelatinous  protoplasm,  in  which  no 
nudeos,  contractile  vacnole,  or  other  definite  stmctnre  is 
visible ;  and  which,  at  most,  presents  a  separation  into  an 
outer,  more  clear,  and  denser  layer — the  eetosaare ;  and  an 
inner,  more  granular  and  fluid  matter  —  the  endosarc. 
The  outer  layer  is  the  seat  of  active  changes  of  form, 
wherebj  it  is  produced  into  pseudopodia,  which  attain  a 
certain  length  and  are  then  retracted,  or  are  effaced  by  the 
development  of  others  from  adjacent  parts  of  the  body. 
These  psendopodia  are  sometimes  broad  short  lobes,  at 
others,  elongated  filaments.  When  lobate,  the  pseudopodia 
remain  distinct  from  one  another,  their  piargins  are  clear 
and  transparent,  and  the  granules  which  they  may  contain 
plainly  flow  into  their  interior  from  the  more  fluid  central 
part  of  the  body.  But,  when  they  are  fiJif orm,  they  are  very 
apt  to  run  into  one  another,  and  give  rise  to  networks,  the 
constituent  filaments  of  which,  however,  readily  separate 
and  r^ain  their  previous  form ;  and,  whether  thej  do  this 
or  not,  the  surfaces  of  these  pseudopodia  are  often  beset  by 
minute  granules,  which  are  in  incessant  motion^— like  those 
which  are  observable  on  the  reticulations  of  the  protoplasm 
of  the  cells  in  a  Tra4e8cantia  hair* 

The  myxopod  thus  described  moves  about  by  means  of 
its  contractile  pseudopodia,  and  takes  the  s(^d  matters 
which  serve  as  its  food  into  all  parts  of  its  body  by  their 
aid;  while  the  undigested  exuvia  of  the  food  are  r^ected 
from  all  parts  of  the  body  in  the  same  indiscriminate  way. 
It  is  an  org^anism  which  is  devoid  of  any  visible  organs 
except  pseudopodia;  and,  so  far  as  is  -known  at  present,  it 
multiplies  by  simple  division. 

The  Protamoeiba  (with  lobate  pseudopodia)  and  Protogenea 
(with  filamentous  pseudopodia)  of  Haeckel  are  Monera  of 
this  extremely  simple  character^  In  Myxodietyum  (Haeckel) 
the  pseudopodia  of  a  number  <^  such  Monsra  run  togeth^, 
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and  give  rise  to  a  complex  network »  or  common  Plas- 
modium. 

It  is  open  to  doubt,  however,  whether  either  Proiamo^f 
Prdogenesj  or  Myxodietffum  is  anything  but  one  stage  of  a 
'jcle  of  forms,  which  are  more  completely^  though  perhaps 
not  yefc  wholly,  represented  by  some  other  very  interesting 
Jtimera,  also  described  by  Haeckd. 

Thus,  the  genos  VampyreUa  is  a  myxopod  with  filamen- 
tous pseadopodia,  a  species  of  which  infests  one  of  the 
stalked  Diatomacee,  Chmpkonema,  feeding  npon  the  soft 
puts  of  tbe  frostoles  of  its  host,  by  inserting  some  of  its 
pBeodopodia  through  the  raphe  of  the  frustule,  which  it 
enr^pes,  and  absorbing  the  contained  protoplasm.  Having 
thus  provided  itself  with  abundant  nourishment,  by  creep- 
ing from  frustule  to  frustule  of  thefihmphonema,  it  thrusts 
aside  the  last  evacuated  frustule  from  its  peduncle,  and, 
laking  its  place,  draws  in  its  pseudopodia,  becomes  sphe- 
rical, and  surrounds  itself  with  a  structureless  cyst,  enclosed 
in  which  it  remain s,  perched  upon  the  peduncle  of  the 
Qomfhonema.  Soon,  its  protoplasm  undergoes  division  into 
four  eqoal  mafwon,  and  each  of  these  becoming  converted 
into  a  young  VampyreUa,  escapes  from  the  cyst,  and  re- 
commences the  predatory  life  of  its  parent.  In  this  case, 
the  myxopod  becomes  encysted,  and  then  undergoes  fission 
into  hodies,  vaeh  of  which  passes  directly  into  the  form  of 
the  parents 

In  another  genus  {MifxaHrvm)  an  additional  complication 
is  introduced;  the  myxopod  becomes  encysted,  and  then 
divides  into  many  x>ortions ;  each  of  these  elongates,  and 
gorroirnds  itself  with  a  delicate,  fusiform,  dlicious  case. 
Thus  enclosed,  the  germs  are  set  free  by  the  bursting  of  the 
cyst;  and,  after  a  while,  the  contents  of  the  silicious  cases 
emerge,  and  pass  at  once  into  the  myxopod  state. 

In  other  genera,  not  odIj  does  the  myxopod  become 
encysted,  before  it  undergoes  fissive  multiplication,  but  the 
forms  thus  produced  differ  from  the  myxopod  in  being 
fpee-swimming  org^aniams,  propelled  by  a  long  vil»ratile 
^^"n^tr  or  flagellum,  like  those  flagellate  Ij^iuoria  which 
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Fig.  1.— Pntfomyja  asra»<uii:a,  (llBeckel).-o,  tha 
lonnded  by  ■  itruetareleu  cj'ic;  b,  ene^ited  tbrni,  the  protoplksm 
of  whicib  ii  divldiDEj  c,  the  otH  bunting  uid  K'''i>>S  exit  to  the 
bodlei  idU>  which  ui«  prolopluin  brnka  up.  There  are  st  first 
'  nuHuda,' d^  each  being  provided  with  >  flti^lUfonn  dlium,  bynteuii 
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of  which  it  propels  itself  (d).  After  a  time  each  monad  retracts  its 
dUiim  aod  resumes  an  Ainaeba'lihe  form ;  (e)  many  of  these  coalesce 
and  form  a  single  plasmodium,  which  grows  and  feeds  under  the 
ferai  /.  The  specimen  figured  contains  a  Feridinium  (above),  three 
Dictyocy^Ut  (below),  and  two  Istkmia  (Diatomaceous  plants)  in  the 
centre.     (Uaeckel,  *■  Studien  uber  Moneren,'  1870.) 

are  termed  "  monads."  After  swimming  abont  for  a  while, 
theee  mastdgopods  draw  in  their  flagella,  and  become  creep- 
ing myxopods.  This  cycle  of  forms  is  exhibited  by  the 
genus  Proiomontu  of  HaeckeL  Lastly,  in  Protomyxa  (Fig.  1) 
i.  Haeckel),  there  is  an  alternation  of  a  mastigopod  {d)  with  a 
myxopod  form  (e),  as  in  Protomanas,  But  each  myxopod 
does  not  nsoally  become  encysted  alone.  On  the  contraiy, 
a  certain  number  of  the  myxopods  unite  together,  and 
become  fused  into  an  active  plasmodium  (J),  which  exhibits 
no  trace  of  their  primitive  separation.  The  plasmodium 
becoming  quiescent  and  spheroidal,  surrounds  itself  with  a 
structureless  cyst  (a),  divides  into  numerous  portions  (&), 
wliich  are  converted  into  flagellate  mastigopods,  and  these 
finally  return  to  the  myxopod  condition  (c,  d,  e).  The  cycle 
of  life  is  here  singularly  similar  to  that  presented  by  the 
Myxomyeetes,  which  have  hitherto  been  usually  regarded  as 
plants. 

There  is  no  means  of  knowing  whether  the  cycle  of  forms 
presented  by  Protomonas  and  ProUmi/yxa  is  complete,  or 
whether  some  term  of  the  series  is  still  wanting ;  and  con- 
ridering  how  low  down  among  plants  the  sexual  process 
occurs,  it  seems  quite  possible  that  some  corresponding 
sexual  process  yet  waits  to  be  discovered  among  the  Monera, 
It  is  possible  that  the  fusion  of  separate  Myxodidya  and 
PrciomyaDm  into  a  plasmodium  may  be  a  process  of  sexual 
conjugation.  On  the  other  hand,  it  may  well  be  that  these 
extremely  simple  organisms  have  not  yet  reached  the  stage 
of  sexual  differentiation. 

The  FoBAMiKiFESA. — Doubtless  masij  Monera  remain  to 
be  discovered,  but  they  will  probably  be  minute  and  inconspi- 
cuous organisms  like  the  majority  of  those  already  described. 
The  Foranun^era,  on  the  other  hand,  are  Monera  of  the 

Pniogenee  type,  which,  nevertheless,  play  and  have  played 

a 
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on  impoTtont  put  in  the  histor;  of  the  glob«,  bj  reason  of 
their  pow^  of  fnbricating  akeletona  or  shells,  which  may 
be  oompoBed  of  homy  (ohitiuousP)  matter,  or  of  carbonate 
of  lime,  secreted  from  the  water  in  which  they  live,  or  may 
be  fabricated  bj  sticking  togetiier  extraneona  matten,  aach 
as  particlee  of  aand. 

The  first  step  from  siich  an  organism  8.8  Prologenet  to  the 
Ibramin\fera  is  seen  in  the  LteberkUknia  of  Claparede,  where 
the  psendopodia  are  given  off  from  only  a  small  part  of  the 
snrface  of  the  body,  the  rest  remaining  naked  and  flexible. 

In  Orvnua  there  is  a  mTnilar  restriction  of  the  area  from 


which  peeudopodia  proceed,  but  the  reet  nf  the  body  is  in- 
vested bj  a  case  of  a  membranoua  enbstanoe.  Let  this 
case  become  hardened  by  the  attachment  of  foreign  bodies 
• — as  particles  of  sand,  or  fr^ments  of  shelly  matter,  as  in 
the  so-called  arenaceons  Foraminifera,  —  or  let  a  deposit 
of  calcareous  salts  take  place  in  it,  and  the  Gromia  would 
be  converted  into  a  Foraminif  er. 

The  infinitely  diversified  characters  of  the  skeleton  of  the 
Foraminifera  depend  — firstly,  upon  the  etmcture  of  the 
skeletaJ  sobatance  itself ;  and,  secondly,  npon  the  form  of 
the  protoplauuic  body,  which  laat,  again,  ia  largely  depen- 
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dent  npm  the  "n».Tnmr  in  which  raccessiTe  bnds  of  protc- 
pbant  are  dereloped  from  the  parent  nuus,  which,  to  begin 
with,  is  wlnja  mmple  in  form  and  oonunonlj  globular. 

Hie  (ubatuioe  of  the  caJcareona  ekeleton  itself,  wh&t«rer 
be  ila  fonn,  is  either  perforated  or  imperforate.  In  the  Jnt- 
foforala  {Oromida,  Lituitida,  XUioHda)  the  paendopodia 
■If  protmded  from  oalj  one  end  of  the  bodj,  the  rest  of 
wfaich  ii  cnt  off  from  the  exterior  bj  the  skeleton.  In 
tbe  Paforaia,  the  Bnbotance  of  the  shell  is  traversed  bj- 
nore  or  ham  delicate  canals,  filled  with  the  protoplasm. 
Fig.  3. 
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ft  I.— IHagnnu  of  FvrmKbiVrnt. — A,  moaothklsmlui ;  B.  C,  vo^J- 
UialiBiwi ;  D,  boilKNital ;  B  uid  F,  vertical  wcdoni  of  belliwtd 
^(B.  Ib  E,  tbe  idiuBban  of  noh  tam  of  the  iplnl  orerlap  their 
ptdeetam  aiid  concekl  than,  M  in  the  gmui  JVunw/ifa. 

wbkh  thus  reaches  the  anrfaee  and  gives  off  paendopodia 
>11  orer  the  bodj.  Hence,  while  the  hard  parts  of  the 
iftrfonda  form  a  sort  of  exo-skeleton,  thoee  of  the 
Perpnta  have  rather  the  natnre  of  an  endo-akeleton. 

'Hie  nrnplest  skeletons  are  spherical  or  flask-Bhaped,  and 
Ugle-chambored.  Bnt  oomplicatioii  arises  by  the  addition 
d  new  chambers,  which  maj  form  a  linear  series,  or  be  soiled 
■pon  one  aoother  in  Tarions  ways,  or  be  irregnlarlj  aggre- 
|*(ed.    Mmreorer,  the  new  chambers  may  omUp  tbose 
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alreadj  formed  in  different  degrees,  and  tlie  interspaces 
between  the  walls  of  the  chambers  may  be  variouslj  filled 
np  by  secondary  deposition,  until  such  large  and  apparently 
complicated  bodies  as  the  Nummulites  are  built  up. 

The  Foraminifera  are  almost  all  marine  animals,  Uvingin 
the  sea,  from  the  surface  to  great  depths,  sometimes  free, 
and  sometimes  attached  to  other  bodies. 

The  inyestigations  of  Major  Owen,  confirmed  and  extended 
by  the  recent  work  of  H.M.S.  *  Challenger,'  have  proved 
that  such  forms  as  Olohigervna,  Pulvintdaria,  and  Orbulina 
constantly  occur  at  the  surface  of  all  temperate  and  tropical 
seas,  and,  together  with  the  Badiolaria  and  the  Diatomaceous 
plants  which  accompany  them,  form  an  important  ingre- 
dient in  he  food  of  pelagic  animals,  such  as  the  ScdpcB. 

It  is  no  less  certain  that  at  all  depths  down  to  2400 
fathoms  or  thereabouts,  GlobigeriruB  in  all  stages  of  growth 
and  containing  more  or  less  protoplasmic  matter  are  found 
at  the  bottom,  mixed  with  the  cases  of  the  surface  Diatoms 
and  the  skeletons  of  Badiolaria,  The  proportion  of  Olobu 
gerincBf  OrhidvMB,  and  FvlvinvlarvB  in  the  deep-sea  mud 
increases  with  the  depth,  until,  at  depths  beyond  1000 
fathoms,  the  sea-bottom  is  composed  of  a  fine  chalky  ooze 
made  up  of  little  more  than  the  remains  of  these  ForaminU 
fera  and  their  associated  Diatoms  and  BadAolaria. 

It  may  be  regarded  as  certain,  therefore,  that  some  of 
the  chalky  ooze  arises  from  the  precipitation  to  the  bottom 
of  the  skeletons  of  dead  Globigerine^  FtdvimUaricB  and 
OrbtdwuB,  and  it  may  be  that  the  whole  has  this  origin;  On 
the  other  hand,  it  may  be  that  a  greater  or  smallar  pro- 
portion of  these  Foraminifera  really  live  at  the  bottom, 
as  their  congeners  are  known  to  do  at  less  depths. 

It  has  been  said  that  the  condition  of  the  surface  waters 
and  sea-bottom  which  has  just  been  described,  obtains  in 
all  temperate  and  hot  seas ;  or,  speaking  roughly,  for  55°  on 
either  side  of  the  equator.  Towards  the  northern  and 
southern  limits  of  this  zone  the  Fcn'ominifera  dimiTiia>i^  while 
Badiolaria  remain  and  DiaiomaceoB  increase  in  proportion, 
80  that,  in  the  droumpolar  areaa  north  and  soutli  of  00°  in 
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€sdi  hemispl&ere,  the  surface  organisms  are  chiefly  such  as 
hare  sflicioiis  skeletons.  In  accordance  wiih  this  condition 
of  the  surface  life,  the  ooze  covering  the  sea-bottom  in  these 
regioas  is  no  longer  calcareoos  but  silicions,  being  composed 
of  the  cases  of  Diatoms  and  the  skeletons  of  BadAoJana 
often  largely  mixed  with  ice,  drifted  mud,  stones,  graTel, 
and  boulders. 

If  we  sappoee  the  globe  to  be  nnif  ormly  covered  with  an 
oeesn  1000  fathoms  deep,  the  solid  land  forming  its  bottom 
would  be  out  of  reach  of  rain,  waves,  and  other  agents  of 
degradation  and  no  sedimentazy  deposits  would  be  formed. 
Bat  if  F^oraminifera  and  Diatoms,  following  the  same  laws 
of  distribation  as  at  present  obtain,  were  introduced  into 
this  ocean,  the  fine  rain  of  their  silicions  and  calcareons  hard 
parts  would  commence ;  and  a  circumpolar  cap  of  silicious 
deposit  would  begin  to  make  its  appearance  in  the  north 
snd  in  the  south ;  while  the  intermediate  zone  would  be 
covered  with  Olobigerina  ooze,  containing  a  comparatively 
small  proportion  of  silicious  matter.  The  thickness  of  the 
caleareo-silicious  and  silicious  beds  thus  formed  would 
be  limited  only  by  time  and  the  depth  of  the  ocean.  These 
rtnta,  onoe  accumulated,  would  be  liable  to  all  those 
inflnenoes  of  percolating  moisture  and  subterranean  heat, 
which  are  known  to  suffice  to  convert  silicious  matters  into 
opal,  or  quartzite,  and  calcareous  matters  into  the  various 
forms  of  limestone  and  marble.  And  such  metamoiphic 
agencies  might  more  or  less  completely  obliterate  the  traces 
of  their  primitive  structure. 

But  yet  other  changes  might  be  effected.  At  the  present 
day,  in  the  Gulf  of  Mexico,  off  the  Agulhas  bank,  and  else- 
where, at  no  great  depths  (100  to  300  fathoms)  the  Fora- 
minif  eral  mud  is  undergoing  a  metamoiphosis  of  another 
character.  The  chambers  of  the  Foramimfera  become 
filled  by  a  green  silicate  of  iron  and  alumina,  which 
penetrates  into  even  their  finest  tnbuli,  and  takes  ex* 
qointe  and  almost  indestructible  casts  of  their  interior. 
The  calcareoiia  matter  ia  then  dissolved  away,  and  the 
Gasts  are  left,  constitating  a  fine  dark  Band>  which,  when 
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crashed,  leaves  a  greenish  mark,  and  is  known  aa  'Green- 
sand.' 

Moreorer,  the  researches  of  the  '  Challenger '  have  shown, 
that  in  great  areas  of  the  Atlantic  and  Pacific  oceans 
oyer  which  the  sea  has  a  depth  exceeding  2400  fathoms — 
areas  in  some  cases  of  many  thousand  square  miles  in 
superficies — the  bottom  is  covered  not  by  Olobigerina  ooze, 
but  bj  a  fine  red  clay,  which  is  also  a  silicate  of  iron  and 
alumina.  In  this  day  no  remains  of  Globigervna  or  other 
calcareous  organisms  are  found;  but  where  these  great 
depths  gradually  pass  into  shallower  water,  they  make  their 
appearance  in  a  fragmentary  condition  —  gradually  be* 
coming  more  and  more  perfect  aa  the  depth  diminishes  to 
2400  fathoms  or  thereabouts. 

Nevertheless  the  OlobigeriiUB  and  other  Foramiimfera 
abound  at  the  surface  over  these  areas  as  they  do  elsewhere, 
and  their  remains  must  be  rained  down  upon  it.  Why  they 
disappear,  and  what  relation  the  red  clay  mud  has  to  them, 
is  a  problem  not  yet  satisfactorily  solved.  It  has  been 
suggested  that  they  are  dissolved  and  that  the  red  day 
is  merdy  the  insoluble  residue,  left  after  the  calcareous 
portion  of  their  skdetons  has  disappeared.  In  this  case 
the  red  clay,  like  the  Globigervna  ooze,  the  silicious  mud,  and 
the  greensand,  will  be  an  indirect  product  of  living  action. 

Metamorphic  processes  operating  upon  clay,  however, 
may  convert  it  into  slate ;  and  thus,  all  the  fundamental 
minerals  of  which  rock  masses  are  composed  may  have 
formed  part  of  living  organisms,  though  no  trace  of  their 
origin  may  be  discernible  in  them  in  their  final  state. 

Paheontology  lends  much  support  to  the  view  that  what 
is  here  suggested  as  a  theoretically  i>ossible  origin  of 
much  of  the  superficial  crust  of  the  globe,  may  have  been 
its  actual  origin. 

The  nummulitic  limestones  of  the  Eocene  epoch  cover  an 
enormous  area  of  central  and  southern  Europe,  North 
Africa,  West  Asia  and  India.  And  their  chief  mass  is 
made  up  of  the  more  or  less  metamorphosed  remains  of 
Foraminifera. 
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The  beds  of  chalk  wliich  underlie  the  nTunmnlitio  lime- 
BtoDBs^  and  oocapj  a  atill  greater  area,  are  essentiaUy 
identical  with  the  Globigerina  ooze,  the  species  of  (72o&i- 
gerima  f cfiutd  in  it  being  indistingaishable  from  those  now 
Hring.  The  remains  of  Forandnifera  have  been  detected 
in  the  limestones  of  all  epochs  as  far  as  the  Silurian, 
and  Shrenberg  discovered  that  an  old  Silurian  greensand, 
near  Si.  Petersburg,  is  composed  of  casts  of  Foraminifera 
just  each  as  are  now  being  formed  in  the  Gulf  of  Mexico. 
And  if  the  Eoaoon  canadevue  be,  as  it  appears  to  be,  nothing 
bat  an  encmsting  form  of  Foraminif er,  the  existence 
of  these  organisms  is  carried  back  to  an  epoch  far 
bejond  that  at  which  any  other  evidence  of  life  has 
v^  been  f onnd.  So  that  it  is  possible  that,  as  Wyville 
Thomaon  has  soggested,  the  enormonslj  thick  "azoic" 
slaty  and  other  rocks,  which  constitute  the  Laorentian  and 
Cambrian  formations,  may  be  to  a  great  extent  the  meta- 
nunphosed  products  of  Foraminif eral  life. 

Hence  the  words  of  Linnsens  may  be  literally  true — 

''Petre&eta  oon  a  calee,  Md  calx  a  petrefactii.  Sic  lapides  ab 
•aiiaaMhna,  nee  viee  vena.    Sie  rapes  sazei  Don  prinmyi,  sed  temporii 

And  there  may  be  no  part  of  the  common  rocks,  which 
enter  into  the  earth's  crost,  which  has  not  passed  through  a 
living  organism  at  one  time  or  another. 


BBDOPLABTIOA. 

L  The  Radioiabia. — ^Most  species  of  the  genus  AeHno* 
phrfg  or  "  sun-animalcule,"  which  is  common  in  ponds,  are 
simply  free  swimming  myxopods  with  stiffish  pseudopodia, 
which  radiate  from  all  aides  of  the  globular  body.  The  sub- 
stance of  the  latter  presents  one  or  more  **  contractile  spaces  " 
or  **  vacuoles,"  which,  rhythmically,  become  distended  with 
water,  and  are  then  obliterated  by  the  contraction  of  the 
surrounding  protoplasm.  But  in  the  Actinophrya  (or  more 
properly  Aeimo&ph4Bnum)  Eichhornii  (Fig.  4),  the  central 
part  of  the  protoplasm  is  distinguished  from  the  rest  by 
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oontainiug  »  nuinber  of  endopUetB.    It  time  leads  to  the 
Jiodwlona  {PolyeMina  of  Ehrenberg),  the  simplest  f  onoa  of 


Lhiiopoden,' Bchulie't  \rchiv,  1876). 
I.— The  CDtin  animal ;  r,  c,  eontnctile  Tacuolm. 
11.— Put  of  the  periphery  maoh  nupiiard ;  a,  a,  a,  pModopodla  with 

■tlffaiik!  nibatuice;  a,  nuctel  or  Biidoptutt. 
III.— A  Tery  jouag  Adimaphierhait,  wiui  DDI7  two  nuclei  and  two 

pMndopodla,  much  nugDlfled. 

vhich  consist  MsentiaJl;  of  a  mjiopod,  provided  with 
filamentooa,  radiating,  and  often  anastomosing,  pseudo- 
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podift.  The  centre  of  t)iebod7  IB  occupied  bjAoapsnle  filled 
Willi  protoplasm  1  this  aotnetimat  oontaina  01115  an  oil- 


Fit  9L—%k««<m  pnav^attm.— A.,  k  HUM  of  the  natunJ  »\ze;  B, 
iwo  at  tbs  OTkl  oeutni  lui  vltli  the  oniourad  Tedeln  and  tplDulk 
■Ueh  li«  in  tlia  InTOtting  protoplum,  magniBed. 


P)(.  S.—t^ksrotom  om/unre  (Bfler  Haeckel),  nugnified. 

globale,  at  others  cells  or  nnclei,  and  crystalline  bodies.    In 
Uie  lajrer  of  protoplaam  from  which  the  psaadopodia  pn^eed. 
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cellflBform  bodies  of  a  bright  yellow  colour,  which  hare  been 
found  to  contain  starch,  are  osuallj  developed,*  and  this 
layer  also  gives  rise  to  a  skeleton  of  a  horn j,  or,  more  nsoaUy , 
silicions  character,  which  may  have  the  form  of  detached 
spicula»  or  of  coarticulated  rods,  or  of  networks,  or  of  plates 
of  silicions  matter,  often  of  the  most  exquisite  delicacy  and 
beauty.  Most  of  the  Baddolaria  are  simple,  solitary,  and 
microscopical  in  size;  but  some,  such  as  CoUoaphoBra  and 
8phcBro»owni  (Figs.  5  and  6),  are  formed  of  aggregates  of 
such  simple  forms,  and  float,  as  visible  gelatinous  masses,  at 
the  surface  of  the  sea,  which  is  the  habitation  of  the  great 
minority  of  the  Badiolaria, 

The  manner  of  multiplication  and  the  development  of 
the  Badiolaria  have  not  yet  been  thoroughly  worked  oat. 
Oienkowsky,  however,  has  observed,  in  CoUosphoera,  that 
the  protoplasm  contained  in  the  central  capsule  breaks  up 
into  numerous  rounded  masses.  The  several  capsules  which 
are  associated  together  in  the  compound  Radiolarian  then 
become  isolated,  by  the  dissolution  of  the  protoplasm  which 
invested  and  connected  them,  and  finally  burst,  giving 
exit  to  the  rounded  bodies;  which,  while  yet  within  the 
capsules,  were  observed  to  be  in  active  motion.  The  g^erms 
(for  such  they  appear  to  be)  thus  set  free  are  0*008  mm. 
long,  ovate,  and  carry  two  flagellif  orm  cilia  at  their  nar- 
row ends;  so  that  they  are  'monads.'  Each  has  in  its 
interior  a  crystalline  rod  and  a  few  minute  oil-globules. 
The  further  development  of  these  mastigopods  has  not 
yet  been  traced;  but  if ,  as  is  probable,  they  pass  into 
young  Badiolaria  (which,  according  to  Haeckel,  possess  no 
capsule,  but  resemble  AcHnoaphcBria),  the  Badiolaria,  as 
members  of  the  Endoplastica,  would  typify  Protomoncu 
among  the  Monera.  Neither  conju^tion  nor  fission  has 
been  observed  among  the  ordinary  Badiolaria,  but  both 
these  processes  take  place  in  Actimoapluxriwn ;  and,  consider- 
ing the  resemblance  of  the  young  Badiolaria  to  AcHnO" 

*  Even  after  the  death  of  the  multiply,  and  the  potwibility  that 
Radiolarian,  these  yellow  cells  are  they  may  be  parasites  must  be 
said  by  Gienkowsky  to  thrive  and      borne  in  mind. 
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tph4Erium^  it  Beema  probable  that  ooiigiigatioB  and  fifision 
viU  yet  be  disoorered  among  them. 

Aeik^f^hBrktm  has  been  observed  to  undergo  mnltipHca. 
tion,  hj  diTision  of  its  central  substance  into  a  certain 
nniaber  of  spheroids,  and  erery  spheroid  becomes  enclosed 
in  a  ailicioiis  case.  After  a  period  of  rest,  a  jonng  Actmo^ 
ipluBrmm  emerges  from  each  of  these  cysts. 

The  mazine  Badddaria  all  inhabit  the  sax>erficial  stratum 
of  the  sea,  and  must  fabricate  their  skeletons  at  the  expense 
of  the  infinitemmally  small  proportion  of  silez  which  is 
diasolred  in  sea-water ;  but  when  they  die,  these  skeletons 
sink  to  the  bottom,  and  there  aocnmulate,  together  with  the 
FcramUntfertif  in  warm  and  temperate  regions;  and  with 
the  cases  of  the  diatomaceons  plants,  which  abonnd  at  the 
nofaoe,  along  with  the  Badiolaria,  all  over  the  globe  (see 
p.  85).  The  late  investigations  of  Archer  and  others  have 
demonstrated  the  existence  of  a  considerable  number  of 
freah'WBter  Badiolaria, 

Extensive  masses  of  tertiary  rock,  sach  as  that  which  is 
found  at  Oran,  and  that  which  occurs  at  Bissex  Hill,  in 
Barbadoes,  are  very  largely  made  up  of  exquisitely  preserved 
skeletons  of  Badiolaria.  But,  though  there  can  be  little 
doubt  that  Badiolaria  abounded  in  the  cretaceous  sea,  none 
are  found  in  the  chalk,  their  silicious  skeletons  having 
probably  been  dissolved  and  redeposited  as  flint. 

2.  The  PBOTOPI.ABTA. — The  proper  AmwbcB  have  broad 
and  ovate -pseudopodia,  and  resemble  Protamaba  (p.  78)  very 
closely ;  but  they  present  an  advance  upon  its  structure  by 
exhibiting  a  distinct  endoplast  (nucleus)  and  a  contractile 
vacuole.  In  AreeiUc^  there  are  many  such  nuclei  They 
thus  stand  in  somewhat  the  same  relation  to  Prokmiaba  as 
Actmophrys  does  to  Protogenes, 

Moreover,  there  are  AmcBbcB  in  which  the  power  of  throw- 
ing oat  peeudoxK>dia  is  confined  to  one  region  of  the  body ; 
and  others,  as  AreeUa,  in  which  a  shell  is  formed  over  the 
rest  of  the  body.  In  other  Amaiba,  as  A,  radiosa,  the  pseu- 
dopodia  are  few,  narrow,  and  but  little  mobile.  But 
the  AmcBbas  present  no  such  diversity  of  skeletal  develop- 
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inent  em  the  Foraminifera  do.  Thej  multiplj  bj  diyision, 
and  in  some  cases — e,g,j  A.  spharoeoeetis  of  Haeckcd — ^become 
encysted  before  the j  diyide. 

AmoBbcB  (the  "  proteos  animalcnleB  "  of  the  older  writers) 
are  not  nncommon,  and  sometimes  are  very  abnndant,  in 
fresh  waters ;  the j  also  occur  in  damp  earth  and  in  the  sea, 
but  there  is  much  doubt  whether  many  of  them  are  to  be 
regarded  as  independent  organisms,  or  whether  they  are  not 
rather  stages  in  the  development  of  other  a.TiimaJs  or  even  of 
plants,  such  as  Myxomycetea,  Leaving  out  the  contractile 
vacuole,  the  resemblance  of  an  Amoeiba  in  its  stmctore, 
manner  of  moving,  and  even  of  feeding,  to  a  colourless 
oorpusde  of  the  blood  of  one  of  the  higher  animaJs  is  par- 
ticularly noteworthy.* 

3.  The  Gbeqabinida  are  yery  closely  allied  to  the 
AmabtB,  but,  in  the  cycle  of  forms  through  which  they 
pass,  they  curiously  resemble  Mywatibrwn,  In  form*  they 
are  spheroidal  or  elongated  oval  bodies,  sometimes  divided 
by  constrictions  into  segments.  Occasionally,  one  end  of 
the  body  is  produced  into  a  sort  of  rostrum,  which  may 
be  armed  with  recurved  homy  spines. 

In  the  ordinary  QregarviuB,  the  body  presents  a  denser 
cortical  layer  (ectosarc)  and  a  more  fluid  inner  substance 
(endosarc),  in  which  last  the  endoplast  (nucleus)  is  imbedded. 
The  presence  of  contractility  is  manifested  merely  by  slow 
changes  of  form,  and  nutrition  appears  to  be  effected  by 
the  imbibition  of  the  fluid  nutriment,  prepared  by  the 
organs  of  the  animals  in  which  the  QregarvtuB  are  parasitic. 
There  is  no  contractile  vacuole. 

The  QregariiuB  have  a  peculiar  mode  of  multiplication, 
sometimes  preceded  by  a  process  which  resembles  ooigug^- 
tion.  A  single  Qregcvrina  (or  two  which  have  become 
applied  together)  surrounds  itself  with  a  structureless  cyst. 
The  nucleus  disappears,  and  the  protoplasm  breaks  up  (in  a 
manner  very  similar  to  that  in  which  the  protoplasm  of 
a  sporangium  of  Jfiicor  divides  into  spores)  into  small 

*  Contractile  vacuoles  have  been  observed  in  the  colourless  blood 
corpuscles  of  Amphibia  under  certain  conditions. 
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bodiai,  CMob  of  which  acquire*  a  epindle-Bhaped  case,  &nd 
i»  known  »b  »  panuio-navieeUa.  On  the  harsting  of  Uie 
cjst  tiicfle  bodies  are  set  free,  and,  when  placed  in  favotir- 
able  eirconutaacea,  the  contained  protoplami  eecapee  as 
«  hihU  ftctiTe  bod^  like  a  Prctamabix.  M.  £.  tbh  Beneden 
hureoentljdtMMvered  a  verj  large  Oregaraia  {O.ffiganiea), 
which  tnhabita  the  intestine  of  the  lobster,  and  his  carefnl 
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Fig.  7.~A,  Cnyarsu  of  the  orthwonn  (»fter  LlebcrkShn) ;  B,  en- 
eyMtd;  C,  D,  coDlenti  diTldad  into  [weuda-navieelltt ;  E,  P,  tm 
*  '    "     ;  G,  U,  ftM  uncebironD  contenti  of  tbe  Utter. 

on  of  it«  stmctiire  and  derelopment  haa  yielded 
rerj  ii)t«rerting  reaolto. 

Ongarima  gigamiea  attaina  a  length  of  two-thirds  of  an 
mA.  It  ia  long  and  alender,  and  tapers  at  one  extremity, 
while  tlie  oUier  (■  obtoM,  roonded,  and  aeparatAd  by  a  slight 
1  the  rMt  <tf  the  body,  whioh  ia  i^lindroidaL . 
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The  outer  iiiTestineiit  of  the  body  is  a  thin  stractoreless 
catide ;  beneath  this  liee  a  thick  cortical  layer  (ectoaarc),  dis- 
tingiiished  bj  its  clearness  and  firmness  from  the  semiflnid 
central  substance  (endosarc),  which  contains  many  strongly 
refracting  granules.  In  the  centre  of  the  body,  the  ellipsoid 
"nucleus,"  with  its  "nucleolus,"  fills  up  the  whole  cavity  of 
the  cortical  layer,  and  thus  divides  the  medullary  substance 
into  two  portions.    The  body  of  this  QregaHna  may  present 
longitudinal  striations,  arising  from  elevations  of  the  inner 
surface  of  the  cortical  layer,  which  fit  into  depressions  of 
the  medullary  substance;   but  these  are  inconstant.     On 
the  other  hand,  there  are  transverse  striations  which  are 
constant,  and  which  arise  from  a  layer  of  what  are  ap- 
parently muscular  fibrillsB,  developed  in  a  peripheral  part 
of  the  cortical  layer,  immediately  below  the  cutide.    The 
fibrillsB  themselves  are  formed  of   elongated  corpuscles 
joined  end  to  end.    A  transverse  x>artition  separates  the 
cephalic  enlargement  from  the  body,  and  the  layer   of 
muscular  fibres  only  extends  into  the  posterior  part  of  the 
enlargement. 

The  embryos  of  Qregarina  gigantea,  when  they  leave 
their  pseudo-navicellsB,  are  minute  masses  of  protoplasm 
similar  to  ProtamoebcB,  and  like  them  devoid  of  nucleus 
and  contractile  vacuole.  They  soon  cease  to  show  any 
change  of  form,  and  acquire  a  globular  shape,  the  peri- 
pheral region  of  the  body  at  the  same  time  becoming  clear. 
Next,  two  long  processes  bud  out  from  this  body;  one 
is  actively  mobile,  the  other  stilL  The  former,  detaching 
itself,  assumes  the  appearance  and  exhibits  the  motions 
of  a  minute  thread- worm*  whence  M.  van  Beneden  terms 
it  a  pseudo'filaria.  The  enlargement  at  one  end  becomes 
apparent,  the  pseudo-filaria  passes  into  a  quiescent  state, 
and  the  "  nucleolus "  makes  its  appearance  in  its  interior. 
Around  this  a  clear  layer  is  differentiated,  giving  rise  to 
the  "  nucleus,"  and  the  pseudo-filaria  passes  into  the  con- 
dition of  the  adult  Qregcmna  gigawtea, 

4.  The  Gatallacta  of  Haeckel,  represented  by  the  genus 
Magotphara^  are,  in  one  stage*  myzopods  with  long  pseudo- 
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podia»  whidi,  broad  and  lobe-like  at  the  base,  break  up  into 
fine  fUaments  at  their  ends,  and  maj  therefore  be  eaid 
to  be  intermediate  between  those  of  Prviogenea  and  those 
of  ProUunioAa,  The  myxopod  ia  provided  with  a  distinct 
aidof^BBt  and  a  weU-marked  contractile  space.  When 
folly  fed,  it  secretes  a  cyst  and  divides  into  a  nmnber  of 
lUMes,  each  of  which  is  converted  into  a  conical  body, 
vith  ifeB  base  tamed  outwards  and  its  apex  inwards.  These 
conical  bodies  are  imbedded  in  a  gelatinoas  matter,  and 
tluu  cohere  into  a  ball,  from  the  centre  of  which  thej 
niiate.  Each  developes  cilia  aronnd  its  base,  and  contains 
an  eodoplaBt  and  a  contractile  vacuole.  After  the  complex 
^obe  thus  formed  has  bnrst  its  envelope,  it  swims  abont 
ior  a  while,  like  a  VoUfom.  The  several  ciliated  animalcnles 
feed  hj  taking  in  solid  particles  through  the  disk.  They 
tben  separate,  and,  finally,  retracting  their  dlia,  become 
mjxopods  sQch  aa  those  with  which  the  series  started. 
Ma^otpluEra  is  thus  very  nearly  an  endoplastic  repetition 
of  the  moneran  Proiomoiuw— the  mastigopod  being  pro- 
vided with  many  small  ciUa,  instead  of  with  a  couple  of 
laigc  flagella.  (hi  the  other  hand,  the  CaidUaeta  are  closely 
allied  to  the  next  group,  and,  I  am  disposed  to  think, 
might  well  be  indoded  in  it. 

5.  The  Ihtusobia. — ^Excluding  from  the  miscellaneous 
snemblage  of  heterc^^eneous  forms,  which  have  passed 
onder  this  name,  iheDemniduB,  IHatomaeecB,  VohoeinecB,  and 
yihrvmidtB,  which  are  true  plants,  on  the  one  hand ;  and 
the  comparatively  highly  organised  Botifera,  on  the  other; 
there  remain  three  assemblages  of  minute  organisms,  which 
may  be  conveniently  comprdiended  under  the  general  title 
of  Infosoria.  These  are — (a)  the  so-called  "  Monads,"  or 
hfimria  fiaffeUata ;  (h)  the  Aeineta,  or  Ii^Msoria  tentdcU' 
^tra;  and  (e)  the  Jn/iworta  dUaUi. 

la.)  The  FuLOSLLATA. — These  are  characteriBed  by  pos-» 
senng  only  one  or  two  long  whip-like  cilia,  sometimes 
ivhen  more  than  one  are  present)  situated  at  the  same  end 
of  the  body,  sometimes  far  apart.  The  body  very  generally 
exhibits  an  endoplaat  and  a  contractile  vacuole.    There  is 
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no  permaiientlj  open  oral  aperture,  bnt  there  is  an  oral 
region,  into  which  the  food  is  forced,  and,  passing  into  the 
endosarc,  remains  for  some  time  snrronnded  bj  a  globule 
of  contemporaneonslj  ingested  water — a  so-called  "food 
yaonole."  Professor  H.  James  Clark,  who  has  recently 
carefnllj  studied  the  FUigeUataf  points  ont  that,  in  Bicoaceea 
and  CodoncBCcty  a  fixed  monadif  orm  body  is  enclosed  within  a 
structureless  and  transparent  calyx.  In  Codosiga  a  mmilnr 
transparent  substance  rises  up  round  the  base  of  the  fli^el- 
lum,  like  a  collar.  In  8alpingoeca  the  collar  ai'ound  the 
base  of  the  flagellum  is  combined  with  a  calycine  inyest- 
ment  for  the  whole  animal.  In  Anthophysa,  there  are  two 
motor  organs — ^the  one  a  stout  and  comparatively  stiff 
flagellum,  which  moves  by  occasional  jerks,  and  the  other  a 
very  delicate  cilium,  which  is  in  constant  vibratory  motion. 

The  discrepancy  between  the  two  kinds  of  locomotive 
organs  attains  its  maximum  in  Aniaonema,  which  presents 
interesting  points  of  resemblance  to  Noctiluoa. 

Multiplication  by  longitudinal  fission  was  observed  in 
Codogiga  and  AfUhophysa,  and  probably  occurs  in  the  other 
genera.  In  Codosiga  the  flagellum  is  retracted  before  fission 
takes  place,  but  Hie  body  does  not  become  encysted;  in 
Anthophyaa  the  body  assumes  a  spheroidal  form,  and  is 
surrounded  by  a  structureless  cyst,  before  division  occurs. 

Conjugation  has  not  been  directly  observed  among  most 
of  the  Infusoria  fiagellata,  nor  do  any  of  them  exhibit  a 
structure  analogous  to  the  endoplastule  of  the  CiUata. 

Messrs.  Dallinger  and  Drysdale  have  recently  worked  out 
the  life  history  of  several  flagellate  "  Monads,"  which  occur 
in  putrefying  infusions  of  fish.  They  show  that  these 
FlageUata  not  only  present  various  modes  of  agamic  multi- 
plication by  fission,  preceded  or  not  by  encystment,  but 
that  they  conjugate,  and  that  the  compound  body  which 
results  (the  equivalent  of  the  zygospore  in  plants)  becomes 
encysted.  Sooner  or  later,  the  contents  of  the  cyst  become 
divided  either  into  comparatively  large  or  excessively 
minute  bodies,  which  enlarge  and  gradually  take  on  the 
form  of  the  parent. 
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The  careful  inTestigations  of  these  authors  lead  them  to 
conclude  that,  while  the  adult  forms  are  destroyed  at  from 
6P-80°  C  the  excessiyely  minute  sporules  which  have  been 
mentioned,  and  which  may  have  a  diameter  of  less  than 
Hii^^^  of  an  inch,  may  be  heated  to  148^  G.  without  the 
destruction  of  their  yitaliiy. 

In  E^glena  viridia  (which,  however,  may  be  a  plant) 
Stein  *  has  obseryed  a  division  of  the  "  nucleus  "  to  take 
place,  whereby  it  becomes  converted  into  separate  masses, 
some  of  which  acquire  an  ovate  or  fusiform  shape,  sur- 
rounding themselves  with  a  dense  coat,  while  others  become 
thin-walled  sacs,  full  of  minute  granules,  each  of  which  is 
provided  with  a  single  cilium.  The  ultimate  fate  of  these 
bodies  has  not  been  traced. 

A  careful  study  of  the  singular  genus  NoetUuca,  led  me, 
in  18^,  to  assign  it  a  place  among  the  Infusoria,  and  recent 
investigations  have  conclusively  proved  that  it  is  one  of  the 
flagdUda, 

The  spheroidal  body  of  NodUuea  mUiarU  (Fig.  8)  is  about 
one-eightieth  of  an  inch  in  diameter,  and,  like  a  peach,  pre- 
sents a  meridional  groove,  at  one  end  of  which  the  mouth  is 
situated.  A  long  and  slender,  transversely  striated  ten* 
tacle  overhangs  the  mouth,  on  one  side  of  which  a  hard- 
toothed  ridge  projects.  Close  to  one  end  of  this  is  a  vibratile 
cilium.  A  funnel-shaped  depression  leads  into  a  central 
mass  of  protoplasm,  connected  by  fine  radiating  bands  with 
a  layer  of  the  same  substance  which  lines  the  cuticular 
envelope  of  the  body.  There  is  no  contractile  vacuole,  but 
an  oral  endoplast  lies  in  the  central  protoplasm.  Bodies 
which  are  ingested  are  lodged  in  vacuoles  of  the  latter  until 
they  are  digested. 

AccDrding  to  the  observations  of  Gienkowsky,t  if  a 
NoetQuea  be  injured,  the  body  bursts  and  coUapses,  but  the 
protoplasmic  and  other  contents,  together  with  the  tentacle, 
form  an  irregular  mass,  the  periphery  of  which  eventually 

*  'Oiiganiimns   der  Infasions-      (Schalze*8  *Archiv  fGr   Mikro 
tU«re,*  ii.  56.  tkop.  Aniitomie,'  1872.) 

'*U«ber  Nociiliiea  miliartt." 
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becomes  vacnolated,  enlai^^,  and  secretes  &  new  invest- 
ment Bat  even  a  small  portion  of  the  protoplaam  of  :l 
mntilated  NocHluea  is  able  to  become  a  perfect  ammal. 
Under  eome  conditions,  the  tentacle  of  a  NoeHlwa  ma;  be 
retracted  into  tlte  bod;,  and,  at  all  times  of  the  jeai-, 
spheroidal  NoctUuem,  deroid  of  flagelltim,  t«oth,  or  meridio- 
nal groore,  but  otherwise  normal,  are  to  be  found.  These 
lost  are  probabl;  to  be  regarded  aa  enc7st«d forms.  Multi- 
plication ma;  take  place  in  at  least  two  waje.    Fission  may 

Fie- 8. 


Fig'  S. —  KoeHUai  BiiUarit.^t, GtMrif.  vacuole;  g,  radiating  fllaments  ; 
f.  anal  av«rtare.  (?) 

occur  in  the  spheroidal  forms,  as  well  as  in  those  possessed 
of  a  tentacle;  it  is  inaugurated  b;  the  enlargement,  con- 
striction, and  division  of  tbe  endoplast.  This  process  takes 
place  more  especiaUj  in  the  latter  part  of  the  jear. 

Another  mode  of  aseroal  multiplication,  which  has  a  sin. 
golar  resemblance  to  the  process  of  partial  ;elk  divisioQ, 
occurs  onlj  in  tlie  spheroidal  NoetHviOE.  The  endoplaat 
disappears,  and  the  protoplasm,  accumnlatisg  on  the  inner 
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Bide  of  one  region  of  the  cnticle,  divides  first  into  two, 
then  four,  eight,  sixteen,  thirtj-two,  or  more  masses :  the 
diriaion  of  the  protoplasm  being  accompanied  by  the  eleva- 
tion of  the  cnticle  into  protuberances,  which,  at  first,  corre- 
s|)ond  in  number  and  dimensions  with  these  division  masses. 
When  the  division  masses  have  become  veiy  numerous, 
each  protmdes  upon  the  surface,  and  is  converted'  into  a 
free  monadiform  germ,  provided  with  an  endoplast,  a  beak, 
and  a  long  tentacle,  which  is  hardly  to  be  distinguished  from 
a  flagellif orm  cilium. 

The  process  of  conjugation  has  been  directly  observed. 
Two  NodUuccB,  applying  themselves  by  their  oral  sorf aces, 
adhere  doeely  together,  and  a  bridge  of  protoplasm  con- 
necting the  endoplasts  of  the  two  becomes  apparent.  The 
tentacnla  are  thrown  off,  the  two  bodies  gradually  coalesce, 
and  the  endoplasts  fuse  into  one.  The  whole  process 
occupies  five  or  six  hours.  Spheroidal  or  encysted  NoctihunB 
may  conjugate  in  a  similar  manner.  In  this  case,  the  re- 
gions nearest  the  endoplasts  are  those  which  become  applied 
together.  Whether  this  process  is  of  a  sexual  nature,  or 
not,  is  not  clearly  made  out.  Cienkowsky  admits  that  it 
may  hasten  the  process  of  multiplication  by  monadiform 
germs  described  above. 

yoHQwca  is  extremely  abundant  in  the  superficial  waters 
of  the  ocean,  and  is  one  of  the  most  usual  causes  of  the 
phosphorescence  of  the  sea.  The  light  is  given  out  by  the 
peripheral  layer  of  protoplasm  which  lines  the  cuticle. 

The  Peridin«B  (see  Fig.  1,/)  form  another  aberrant  group  of 
the  FlageUcUa,  which  lead  to  the  CUiata,  The  body  is  enclosed 
in  a  hard  case  (sometimes  produced  into  rays),  which,  at  one 
part,  presents  a  groove-like  interruption,  laying  bare  the  con- 
tained protoplasm,  in  which  lies  an  endoplast,  and  in  some 
cases  a  contractile  vacuole.  One  or  more  flagellif  orm  cilia, 
and  usually  a  wreath  of  short  cilia,  are  protruded  from  the 
protoplasm,  and  serve  as  locomotive  organs.  The  mouth  is 
a  depression,  whence,  in  some  cases,  an  (esophageal  canal  is 
continued  and  terminates  abruptly  in  the  semi-fluid  central 
sobstance  of  the  body,  the  food-particles  being  lodged  in 

H  2 
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vacuoles  formed  at  its  eitremitj.  ba  in  the  Ciliaia.  No 
other  mode  of  maltiplicaition  than  that  bj  fiBaion  has  jet 
been  obeerved  in  the  Peridittece ;  but  this  fiseion  ia  aome- 
times  preceded  hj  the  enclosnre  of  the  animal  in  an 
elongated  crescent- shaped  cyst. 

(ft.)  The  Tentacdijfkba.— The  Aei-adai  (Fig.  9,  D,  E, 
F,  Q]  have  no  oral  aperture  of  the  ordinary  kind,  but  filiform 
proceases  or  tentacnla,  which  are  nsnallj  slender,  simple. 
and  more  or  leas  rigid,  radiate  from  the  8urfa<^e  of  the  body- 
Fig  9. 


generally,  or  from  one  or  more  regions  of  that  surface.  At 
first  sigtkt,  these  tentocula  resemble  the  radiating  pseudo- 
podia  of  Aetiii,aphnj»,  but,  on  closer  inspection,  they  are  seen 
to  luiTe  a  different  character.  Each,  in  fact,  is  a  delicate 
tube,  presenting  a  structureless  eitemal  wall,  with  a  semi- 
fluid  granular  axis,  and  usually  ends  in  a  slight  enlargement 
or  knob.  It  may  be  slowly  pushed  ontor  retracted,  ordi- 
Tersely  bent.    But,  instead  of  playing  U>e  part  of  mere 
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pfehenaOe  organs,  these  tentacles  act,  in  addition,  as 
SQckera ;  the  Acineta  applying  one  or  more  of  these  organs 
to  the  body  of  its  prey  * — ^asnally  some  other  species  of 
Infoflorinm, — ^when  the  substance  of  the  latter  travels  along 
the  interior  of  the  sacker  into  the  body  of  the  Aeineta.  Solid 
food  is  not  ingested  through  these  tentacles,  so  that  the 
AemgUt  cannot  be  fed  with  indigo  or  carmine.  In  the 
intenor  of  the  body  there  is  an  endoplastf  with  one  or 
more  oontractile  yacuoles,  and  it  may  be  either  fixed  by  a 
stalk  or  free. 

The  Adnekt  multiply  by  several  methods.  One  of  these 
is  simple  longitudinal  fission,  which  appears  to  be  rare 
^mong  them.  Another  method  consists  in  the  development 
of  ciliated  embryos  in  the  interior  of  the  body.  These 
tfmbiyos  resolt  from  the  separation  of  a  portion  of  the 
endoplast,  and  its  conversion  into  a  globular  or  oval  germ, 
which,  in  some  species,  is  wholly  covered  with  vibratile 


*  Stein  (*  Der  OrganismuB  der 
iBfonoBitbiere,'  i.  76)  thus  de- 
Kribet  the  method  by  which  an 
Aeneta  fozes  iU  prey :  "  If  an 
Wojonnm  swims  within  reach 
of  the  Aemeta.  the  nearest  ten- 
Udei  are  swiftly  thrown  towards 
iU  tod,  at  the  same  time,  often 
become  mach  elongated,  bent, 
or  inegalarly  twisted  about.  The 
knob-like  ends  of  these  tentacles, 
•bich  come  into  immediate  con- 
tact with  the  surface  of  the  en- 
tangled prey,  spread  out  into 
(i»ki,  and  adhere  fixedly  to  it. 
When  many  of  the  teniacles  have 
thus  attached  themselves,  the  im- 
priaoned  animal  is  no  lonjg^r  able 
to  escape,  its  movements  become 
ftkiwer,  and  at  length  cease. 
Titase  tentacles  which  have  fixed 
ti>eniseWes  moat  firmly  shorten 
•ad  thicken,  and  draw  the  prey 
■carer  to  the  body  .  . .  Suddenly, 
^  Mon  as  the  sucking  disk  has 
bored  throogh  the  cuticula  of  the 
prejr,  a  very  rapid  stream,  iu- 
uicated  by  the  fatty  particles 
«tuch  it  carries,  sets  along  the 


axis  of  the  tentacle,  and,  at  its 
base,  pours  into  the  neighbouring 
part  of  the  body  of  the  Aeineta. 
. . .  The  cause  of  the  moyement 
is  unknown.  It  is  not  accom- 
panied bv  any  discernible  move- 
ment of  the  walls  of  the  tentacle." 

^  No  endoplastule,  such  as  ex- 
ists in  other  Infusoria^  has  been 
observed  as  yet  in  the  Acimettt. 
Under  some  circumstances,  the 
Aeineta  draw  in  their  radiating 
processes,  and  surround  them- 
selves with  a  structureless  cyst; 
but  this  process  does  not  appear 
to  have  any  relation  to  either 
mode  of  multiplication. 

In  Aeineta  mjfttacina  and  Podo' 
phrya  ftxa,  a  peculiar  mode  of 
multiplication  bv  division  occurs. 
At  the  free  ena  of  the  body  a 
portion  becomes  constricted  off, 
u^ether  with  part  of  the  endo- 
plast, from  the  remaining  stalked 
part.  The  teniacula  are  drawn 
in,  and  the  segment  becoming 
elonKated,  developes  cilia  over 
its  vvliole  surface  and  swims  away. 
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cilia,  while,  in  others,  the  cilia  are  confined  to  a  zone  around 
the  middle  of  the  embryo.  The  germ  makes  its  escape  by 
bursting  through  the  body  wall  of  its  parent.  After  a 
short  existence  (sometimes  limited  to  a  few  minutes)  in  the 
condition  of  a  free  swimming  animalcule,  provided  with  an 
endoplajst  and  a  contractile  yacuole,  but  devoid  of  a  mouth, 
the  characteristic  knobbed  radiating  processes  make  their 
appearance,  the  cilia  vanish,  and  the  animal  passes  into  the 
Acineta  state. 

The  AcinetcB  have  frequently  been  observed  to  conjugate, 
the  separate  individuals  becoming  completely  fused  into 
one,  and  their  endoplasts  coalescing  into  the  single  endo- 
plajst of  the  resultant  Acineta ;  but  it  is  not  certainly  made 
out,  whether  this  process  has,  or  has  not,  anything  to  do 
with  the  process  of  the  development  of  ciliated  embryos  just 
described. 

(c.)  The  CiLiATA.  —  The  characteristic  feature  of  the 
Ciliata  is,  that  the  outer  surface  of  the  body  is  provided  with 
numerous  vibratile  cilia,  which  are  the  organs  of  prehension 
and  locomotion.  According  to  the  distribution  of  the  cilia. 
Stein  has  divided  them  into  the  Holotricha,  in  which  the 
cilia  are  scattered  over  the  whole  body,  and  are  of  one  kind ; 
the  Heterotricha,  in  which  the  widely  diffused  cilia  are  of 
different  kinds,  some  larger  and  some  smaller;  the  Hypo- 
tricka,  in  which  the  cilia  are  confined  to  the  under  or  oral 
side  of  the  body;  and  the  Peritricka,  in  which  they  foi-m  a 
zone  round  the  body.  The  great  majority  of  these  animals 
are  asymmetrical. 

In  the  simplest  and  smallest  CUiata,  the  body  resembles 
that  of  one  of  the  FlageUata  in  being  differentiated  merely 
into  an  ectosarc  and  endosarc,  with  an  endoplast  and  a 
contractile  vacuole.  In  most,  if  not  all  cases,  however, 
there  is  not  only  an  oral  region,  through  which  the  in- 
gestion of  food  takes  places,  but  an  cBsophageal  depression 
leads  from  this  into  the  endosarc ;  and  it  may  be  doubted 
whether,  even  in  the  simplest  Ciliaia,  there  is  not  an  anal 
area  through  which  the  undigested  parts  of  the  food  are 
thrown  out. 
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The  genus  Colpoda,  which  is  very  common  in  infusions  of 
baj,  is  a  good  example  of  this  low  form  of  ciliated  Inf u- 
eoriom.  It  has  somewhat  the  form  of  a  bean  flattened  on 
*»iie  side,  and  mores  aotiyely  about  by  means  of  numerous 
•.ilia,  the  longest  of  which  are  situated  at  the  anterior  end 
of  the  body.  At  the  posterior  end  is  the  contractile  vacuole, 
whi&e  a  large  endoplast  lies  in  the  middle,  as  Stein  origiu- 
«Ilj  discovered.  Cclpoda  frequently  become  quiescent, 
retract  their  cilia,  and  surround  themaelves  with  a  structure- 
lesB  cyst.  Each  encysted  Colpoda  then  divides  into  two, 
f 'jur,  or  more  portions,  which  assume  the  adult  form  and 
escape  from  the  cysts  to  resume  an  active  existence. 

AHwi^ti  has  described  the  encystment  of  a  Yorticellidan, 
followed  by  division  of  the  nucleus  into  many  germs,  with- 
out any  antecedent  process  of  coigugation ;  and  Everts  has 
observed  that  the  progeny  of  an  encysted  VoriiceUa  take  on 
the  form  of  TVichodina  grandmeUa,  The  IViehodincB  mul- 
tiply by  transverse  divisions,  and  then  grow  into  FoWi- 
eeUcR* 

Encystment,  whether  followed  or  not  by  division,  is  very 
common  among  all  the  CUiatat  and  a  species  of  Amphileptus 
has  been  seen  to  swallow— or  rather  envelope — a  stalked 
beU-animalcnle  {VarticeUa),  and  then  become  encysted  upon 
the  stalk  of  its  prey,  just  as  Vam^pyrdla  becomes  perched 
upon  the  stalk  of  the  devoured  Qomphanema. 

In  the  higher  Ciliaia,  the  protoplasm  of  the  body  becomes 
directly  differentiated  into  various  structures,  in  the  same 
way  as  has  ahready  been  seen  to  be  the  case  in  Chregarina 
giganieOy  but  to  a  much  greater  degree. 

Thus,  in  the  FeriJbricha,  of  which  the  bell-animalcules,  or 
VcrtioeQjiB  (Fig.  9,  A,  B,  c),  are  the  commonest  examples,  the 
oral  region  presents  a  depression,  the  vestibule  (Fig.  9,  a), 
from  which  a  permanent  cesophageal  canal  leads  into  the  soft 
and  semi-fluid  endosarc,  where  it  terminates  abruptly ;  and 
immediately  beneath  the  mouth,  in  the  vestibtde,  there  is  an 
anal  region  which,  gives  exit  to  the  refuse  of  digestion,  but 
presents  an  opening  only  when  feecal  matters  are  passing 

^  AUmaii,  *  Presidential  Address  to  the  Linncan  Society,*  lS7o. 


104       THE  i-KATOUY  OF  INTBBTEBBA.TED  ANIHALS. 

ont.  Except  where  the  ciliated  circlet,  or  rather  apiral,  is 
situated,  the  outer  wall  of  the  bodj  givea  riae  to  a  relative!; 
dense  eoHeula,  and  not  nnfreqaentl;  aecretea  a  transparent 
cup  or  case,  foreahadowing  the  theca  of  hjdrozoal  poljpes. 
Uoreorer,  in  the  penuanentl;  fixed  VorticeUce,  the  stalk  of 
attachment  ma;  present  a  central  mnBcnlar  fibre  (Fig.  9,/), 
b;  the  sudden  contraction  ot  which  the  bod;  is  retracted, 
the  stalk  being  ^the  same  time  thrown  into  a  spiral.  In  tlie 
Fig.  !0. 


10.  -FaramaeiHO'  banaria  (af^ir  StFin).— A.  the  animM  viewed 
ra  the  donsl  aide;  a.  cortlcnl  layer  of  tht  body;  b,  endoptHst ; 
Mintnclile  Bpaoe ;  li  tf,  mitieia  laken  in  u  fuod     r,  chlorophyll 


C,  FaramacinBi  dlvldinK  tranivenely ;  a  a',  eonlrMtile  ipaeu;  b  b, 

eniloplul  liividiDg ;  1 1!,  eudoplutulei. 

holotriohouB  PantnuKeium  (Fig.  10]  beneath  the  thin  super- 
ficial transparent  cuticle  fi-om which  the  cilia  proceed,  theie 
is  a  very  distinct  cortical  la;er,  fibrillated  in  a  direction  per- 
pendicular to  the  surface,  and,  in  some  species  of  this  or  other 
genera,  as  BtrotvinMymt  and  PotifitrTCiM  (Biitschli),  beset  with 
minute  rod-Iikebodies  similarly  disposed,  which,  nndtr  some 
ciroamBtances,  shoot  out  into  long  filaments,  and  have  l>cen 
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tenned  iriehoeygis.  In  P.  bwsaria,  minute  green  granules 
of  cUoropbjll  are  dispersed  through  this  layer,  and  Oohn 
danonstrated,  in  1851,  that  these  yield  the  same  reactions 
w  the  chlorophyll  grains  of  the  AlgsB.  In  BaltmtidviMnf 
yydaOieruB,  Spiroeiomum,  and  many  others,  the  cortical 
liyer  is  divided  b  j  linear  markings  into  bands,  which  there 
is  reason  to  believe  are  rudimentary  muscular  fibres. 

In  many  Ciliata,  the  endosarc  appears  to  be  almost  fluid. 
Tbe  food,  which  is  driven  into  the  mouth  and  down  the 
oeaopfaaguB  by  the  constant  action  of  the  ciUa,  accumulates 
at  the  bottom  of  the  ossophagus ;  and  then,  with  the  water 
viiich  surrounds  it,  is  passed,  at  intervals,  with  a  sort  of 
jerk,  into  the  endosarc,  where  it  lies,  close  to  the  end  of  the 
oBsopfaagns,  as  a  food  vacuole,  for  a  short  time.  But  it  soon 
begins  to  move,  and,  along  with  other  such  vacuoles  formed 
before  and  after  it,  circulates  in  a  definite  com'se  up  one 
dde  of  the  bodj  and  down  the  other,  between  the  cortical 
kjer  and  the  endoplast.  This  movement  is  particularly 
free  and  unrestricted  in  BalamJbidium ;  in  Pa/rcmuBcimn,  the 
tract  through  which  the  food  vacuoles  move  is  more  de- 
finitely limited,*  while,  in  Nyctotherus,  it  appears  to  be 
confined  to  a  part  of  the  body  between  the  end  of  the 
gullet  and  the  anal  region,  which,  in  this  Infusorium,  is 
seated  at  one  end  of  the  body.  In  fact,  the  finely  granular 
endoaarc  of  Nyctoihenu  so  limits  the  passage  of  the  food 
Tacnoles,  that  the  tract  along  which  they  pass  might  pro- 
perly be  described  as  a  rudimentary  intestinal  canal. 

The  oral  cavity  is  usually  ciliated :  sometimes,  as  in  Chi* 
hiohy  it  has  a  chitinous  armature,  which  becomes  some- 
what complicated  in  ErvUia  {Dytiteria  f)  and  the  Didmium 
described  by  Balbiani. 

TorqwUeUa  (Lankester)  has  a  plicated  membrane  around 
the  mouth  in  the  place  of  cilia. 

The  contractile  vacuoles  attain  their  greatest  complexity 

*  In     Paramaeium     hur$aria,  inch  in  a  seoond. 

Gohn  obteryed  that  the  drouU-  f    Uuzley,    ^*  On     Byateria." 

tiua  wu  completed   in  1|  to  2  ('Quarterly    Journal  of  Micro- 

miQotet,  which  gives   a  rate  of  scop.  Science,'  1857.)' 
location  of  |^  to  isks^h  of  an 
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in  the  Paramoecia,  in  which  there  are  two—one  towards 
each  end  of  the  body.  Thej  are  lodged  in  the  cortical 
layer,  and,  in  diastole,  a  portion  of  their  outer  periphery 
is  bounded  only  by  the  cuticle,  through  which  it  is  yery 
probable  that  they  communicate  with  the  exterior.  When 
the  systole  takes  place,  a  number  of  fine  canals,  which 
radiate  from  each  vacuole,  are  seen  to  become  distended 
with  clear  watery  fluid.  These  canals  are  constant  in 
their  position,  and  some  of  them  may  be  traced  nearly 
as  far  as  the  mouth ;  so  that  the  canals  and  vacuoles  form  a 
permanent  water-vascular  sjrstem.  The  endoplast  is  finely 
granular,  like  the  substance  of  the  endosarc.  It  is  frequently 
said  to  be  enveloped  in  a  distinct  membrane,  but  I  am  dis- 
posed to  think  that  this  is  always  a  product  of  reagents. 
Attached  to  one  part  of  it  there  is  veiy  generally  (but  not 
in  the  VorticelUe)  a  small  ovaJ  or  rounded  body,  the  so-called 
"  nucleolus  "  or  endopUuMe.  The  endoplast  is  commonly 
said  to  be  imbedded  in  the  cortical  layer,  but  this  is  cer- 
tainly not  the  case  in  Colpoda,  Faramcsdwn,  Balantidium, 
or  Nyctothema. 

The  outermost,  or  cuticular,  layer  of  a  large  portion  of  the 
body  becomes  hardened  and  forms  a  sort  of  shell,  in  many  of 
the  free  Infusoria,  In  the  free  marine  Diciyocystida  and 
CodoneUida  of  Haeckel,the  body  has  a  bell-shaped  envelope, 
which  in  the  Dictyocystida  (see  Fig.  1,)  is  strengthened  by  a 
silicious  skeleton  like  that  of  a  Badiolarian.  In  both 
genera  the  circular  lip  which  surrounds  the  oral  end  is 
provided  with  numerous  long  flagellif  orm  cilia* 

Most  of  the  Oiliaiaf  while  in  full  activity,  multiply  by 
division;  this  is  generally  effected  by  the  formation  of 
a  more  or  less  transverse  constriction,  whereby  the  body 
becomes  divided  into  two  parts,  which  separate,  each  de- 
veloping those  structures  which  are  needed  for  its  comple- 
tion. The  endoplast,  however,  always  elongates  and  divides, 
one  portion  going  along  with  each  product  of  fission. 
Neither  budding  nor  longitudinal  fission  occurs  among  the 
free  Infusoria,  the  appearances  which  have  been  regarded 
*  Haeckel,  *  Zur  Morphologic  dcr  Infusorics,'  1873. 
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SB  e?iileiioe  of  these  prooesaes  being  due  to  the  opposite 
•3pentioii  of  conjugation.  M.  Balbiani,*  its  discoYerer, 
tl»i8  describes  this  prooesa  of  conjugation  in  FarcmuBcium 


^'The  ParanuBcia  assemble  in  great  numbers  either  to- 
rods  the  bottom  or  on  the  sides  of  the  vessel  in  which  they 
are  contained.  They  then  cozgngate  in  .pairs,  their  an- 
terior ends  being  closely  united ;  and  they  may  remain  in 
tbb  state  for  five  or  six  days  or  more.  During  this  period, 
the  nudeos  and  nucleolus  become  transformed  into  sexual 
cn^ana. 

**  The  nudeoius  is  changed  into  an  oval  capsule,  marked 
BQperficially  by  longitudinal  strue.  Sooner  or  later,  it  usually 
becomes  divided  into  two  or  four  portions,  which  grow  in- 
dependently, and  form  many  separate  capsules.  About  the 
time  of  separation,  each  of  these  is  found  to  be  a  capsule 
cQEBtaining  a  bundle  of  curred  rods  (bagiiettes),  enlarged  in 
the  middle,  and  thinner  at  the  ends. 

"  The  nucleus  also  becomes  enlarged,  and  gives  rise — ^in  a 
manner  not  clearly  explained — ^to  small  spherical  bodies 
analogous  to  ovules. 

'^  It  is  usually  about  the  fifth  or  sixth  day  after  conjugation 
that  the  first  germs  appear,  as  little  rounded  bodies,  formed 
of  a  membrane  which  is  rendered  visible  by  acetic  acid,  and 
of  greyish  pale  homogeneous  or  almost  imx>erceptibly  granu- 
lar contents,  in  which,  as  yet,  neither  nucleus  nor  contrac- 
tile vacuole  is  distinguishable.  It  is  only  later  that  these 
organs  appear.  The  observations  of  Stein  and  of  F.  Cohn 
have  shown  how  these  embryos  leave  the  body  of  the  mother 
under  the  form  of  AcinetcB,  provided  with  knobbed  tentacles 
and  true  suckers,  by  means  of  which  they  remain  for  some 
time  adherent  to  her,  and  nourish  themselves  from  her 
subetanoe.  But  their  investigations  have  not  disclosed  the 
ultimate  fate  of  the  young. 

''  I  have  been  able  to  follow  them  for  a  long  period  after 
their  detachment  from  the  maternal  organism ;  and  I  have 

*  Balhianij  '*  Note  relatWe  k  TExistence  d'ane  GeneratioTi  Sexuelle 
ebes  k§  ^fusoirvs."     C  Jounul  de  la  PhyBiologie,'  tome  i.,  1858.) 
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been  able  to  assure  myself  that,  after  having  lost  their  ten- 
tacles, becoming  clothed  with  vibratile  cilia,  and  acquiring 
a  month,  which  makes  its  appearance  as  a  longitudinal 
groove,  they  return  definitely  to  the  parental  form,  develop- 
ing in  their  interior  the  green  granules  which  are  cbarac- 
teristic  of  this  Paratmsctum,  without  undergoing  any  more 
extensive  metamorphosis." 

In  Figs.  19-22  of  Plate  FV.,  which  accompanies  his  paper, 
Balbiani  figures  all  the  stages  by  which  the  acinetif orm 
embryo  becomes  a  Pcaramacium. 

So  far  as  the  fact  of  conjugation,  the  changes  in  the 
"  nucleolus,"  and  the  development  of  filaments  in  it,  with 
the  subsequent  detachment,  by  division,  of  masses  fi-om  the 
**  nucleus  "  are  concerned,  these  statements  have  not  been 
modified  by  M.  Balbiani,  while  they  are  fully  confirmed  by 
the  observations  made  by  himself,  Claparede  and  Lachman, 
Stein,  Kolliker,  and  others,  in  Paramcecium  bnrsariaj  I^. 
aurelia,  and  other  ciliated  Infusoria. 

In  the  closely  allied  PwramoBciwrn  aurelia,  the  occurrence 
of  the  various  stages  of  conjugation,  conversion  of  the 
*'  nucleolus  "  into  bundles  of  spermatozoa,  and  subsequent 
division  of  the  "  nucleus  "  is  also  established  by  the  coinci- 
dent testimony  of  Balbiani  and  Stein.  Balbiani  affirms 
that,  in  this  species,  the  clear  globular  bodies  which  resnlt 
from  the  division  of  the  "  nucleus "  pass  out  of  the  body 
without  undergoing  any  further  modification,  and  he 
considers  them  to  be  ovules.  Stein  also  admits  that  he 
has  never  seen  acinetiform  embryos  in  this  species. 

But,  as  it  would  seem,  on  the  strength  of  these  nega- 
tive observations  in  PararMBcium  awrelia,  Balbiani,  in  his 
later  publications,  asserts  that  the  "  acinetiform  embryos  " 
observed  not  only  in  Paramcecium,  but  in  Stylonychia, 
Stentor,  and  many  other  ciliated  Infusmnaf  are  not  embryos 
at  all,  but  parasitic  Acinetce ;  and  he  makes  this  assertion 
without  explicitly  withdrawing  the  statement  given  above 
of  his  own  obseinration  of  the  passage  of  the  acinetiform 
embryo  of  Paramcecium  hursaria  into  the  parental  form. 
Engelmann  and  Stein,  on  the  other  hand,  hold  by  Balbiani^s 
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onginal  doctrme,  and  giye  strong  reasons  for  so  doing. 
Among  the  most  forcible  analogical  arguments  are  those 
afforded  by  the  process  of  sexual  reproduction  observed  bj 
Stein  in  Hie  peritrichous  Infusoria, 

In  the  FerUrieha  {VartieellidcR,  OphrydidoB,  TrieJiodidoe) 
conjugation  takes  place  bj  the  complete  and  permanent 
fosion  of  two  indiyiduals,  which  are  sometimes  of  equal 
dimensions ;  though,  in  other  cases,  one  is  much  smaller  than 
the  Giher,  and,  while  it  is  in  course  of  absorption,  looks  like 
a  bad,  and  was  formerly  taken  f itr  such  (Fig.  9,  A,  g,  h).  The 
small  individuals  nsuallj  take  their  origin  from  a  group  of 
small  stalked  VorHeeUce,  which  are  produced  bj  the  repeated 
longitudinal  division  of  a  Vorticella  of  the  ordinary  size. 
The  result  of  the  conjugative  act  is  that  the  "  nuclei  **  of 
the  two  individuals,  either  before  or  after  their  coalescence, 
break  up  into  a  number  of  segments.  The  segments  may 
reniain  separate  or  coalesce  into  a  single  mass,  called  by 
Siein,  plaeenia.  In  the  former  case,  some  of  the  segments 
become  germ  masses,  while  the  others  reunite  to  form  a  new 
''  nucleus ; "  in  the  latter,  the  placenta  throws  out  a  number 
of  germ  masses,  and  then  assumes  the  form  of  an  ordinary 
''nucleus."  The  germ  masses  give  off  portions  of  their 
snbetanoe,  including  part  of  their  "nucleus,"  and  these 
become  conrerted  into  ciliated  embryos,  which  escape  by  a 
special  opening.  Knobbed  tentacles,  like  those  of  the 
AcinettB,  hare  not  been,  observed  in  the  embryos  of  the 
Peribricha,  nor  has  their  development  been  traced  out. 

If  the  bodies  regarded  as  acinetiform  embiyos  of  the 
CtUata  are  really  such,  they  may  be  taken  to  represent  the 
myxopod  stage  of  the  CaidUacta,  and  the  relations  of  the 
AeindtB  to  the  CHUaia  would  appear  to  be  that  they  arc 
modifications  of  a  common  type,  differing  from  the  Caicd- 
lada  in  having  tentacula  instead  of  ordinary  pseudopodia. 
In  the  AcinetcRf  thetentaoulate  stage  is  the  more  permanent, 
the  ciliated  stage  transitory;  while,  in  the  CUiata,  the 
ciliated  stage  is  the  more  permanent,  and  the  tentaculate 
stage  transitoiy. 
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CHAPTER  III. 
THE  POBIFERA  AKD  THE   CCELENTERATA. 

1.  The  FoBiFEBAor  Spongida. — ^It  has  been  seen  that,  in 
the  FrotoMaj  the  germ  undergoes  no  process  of  diTisioii 
anslogons  to  the  "  jelk  diyision  "  of  the  higher  animals,  and 
to  the  corresponding  process  hj  which  the  embryo  cell  of 
every  plant  bnt  the  very  lowest  becomes  converted  into  a 
celltQar  embryo.  Consequently,  there  is  no  blastoderm ;  tlie 
body  of  the  adtdt  Protozoon  is  not  resolvable  into  mor- 
phological units,  or  cells,  more  or  less  modified;  and  the 
alimentary  cavity,  when  it  exists,  has  no  special  lining. 
Moreover,  the  occurrence  of  sexual  reproduction  in  most 
of  the  Protozoa  is  doubtful,  and  there  is,  at  present,  no 
evidence  of  the  existence  of  male  elements,  in  the  form  of 
filamentous  spermatozoa,  in  any  g^up  but  the  Infusoria ; 
and  even  here  the  real  nature  of  these  bodies  is  still  a 
matter  of  doubt. 

In  all  the  Metaxoa,  the  germ  has  the  form  of  a  nucleated 
cell.  The  first  step  in  the  process  of  development  is  the 
production  of  a  blastoderm  by  the  subdivision  of  that  cell, 
and  the  cells  of  the  blastoderm  give  ride  to  the  histological 
elements  of  the  adult  body.  With  the  exception  of  certain 
parasites,  and  the  extremely  modified  males  of  a  few  species, 
all  these  animals  possess  a  permanent  alimentary  cavity, 
lined  by  a  special  layer  of  cells.  Sexual  reproduction 
always  occurs;  and,  very  generally,  though  by  no  means 
invariably,  the  male  element  has  the  form  of  filiform 
spermatozoa. 

The  lowest  term  in  the  series  of  the  Metaxoa  is  un- 
doubtedly represented  by  the  Forifera  or  Sponges,  which. 
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after  oecillating  between  the  vegetable  and  the  aniTnal  king- 
doms, have,  in  recent  times,  been  recognided  as  animals 
by  all  who  have  snfficientlj  studied  their  structure  and  the 
manner  in  which  their  functions  are  performed. 

Bat  the  place  in  the  Animal  Elingdom  which  is  to  be 
assigned  to  the  sponges  has  been,  and  still  is,  a  matter  of 
debate.  It  is  certain  that  an  ordinary  sponge  is  made  up 
of  an  aggregation  of  corpuscles,  some  of  which  hare  all  the 
characters  of  AmcelxB,  while  others  are  no  less  similar 
to  Xonsds ;  and  therefore,  taking  adult  structure  onlj  into 
account,  the  comparison  of  a  sponge  to  a  sort  of  compound 
Pratozoom  is  perfectly  admissible,  and  in  the  absence  of 
other  evidence,  would  justify  the  location  of  the  sponges 
among  the  PraUmoa. 

But,  within  the  last  few  years,  the  deyelopment  of  the 
sponges  has  been  carefully  inrestigated ;  and,  as  in  so 
manj  other  cases,  a  knowledge  of  that  process  necessitates  a 
reoonsideration  of  the  views  suggested  by  adult  structure. 

The  impregnated  oTum  undergoes  regular  division;  a 
blastoderm  is  formed,  consisting  of  two  layers  of  cells — 
an  epiblast  and  a  hypoblast,— and  the  young  animal  has 
the  form  of  a  deep  cup,  the  wall  of  which  is  composed  of 
two  layers,  an  ectoderm  and  an  endoderm,  which  proceed 
respectively  from  the  epiblast  and  hypoblast.  The  embryo 
sponge  is,  in  fact,  similar  to  the  corresponding  stage  of 
a  hydrosoon,  and  is  totally  unlike  any  known  condition 
of  a  piotozoon. 

Beyond  this  early  stage,  however,  the  sponge  embryo 
takes  a  line  of  its  own,  and  its  subsequent  condition  differs 
altogether  from  anything  known  among  the  Ccdenterata ; 
all  of  which,  on  the  other  hand,  present  dose  and  intimate 
resemblances  in  their  further  development,  as  in  their  adult 
stmctnre. 

It  is  not  long  since  the  only  sponge  of  the  structure 
and  development  of  which  we  were  accurately  informed 
was  the  SpongiUa  JluviatxUs,  or  fresh-water  sponge,  the 
snlject  of  the  elaborate  researches  of  Lieberkiihn  and 
Garter.    But,  recently,  a  flood  of  light  has  been  thrown 
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Fig.  W.—AMeeUapr'miordialu  (after  HBMkel). 

1.,  A  mature  Aialta,  pu-t  of  one  tide  of  the  body  of  whtch  li  ramoTdf ; 
o,  tha  «ilialin(  apntun ;  p,  iohatoDt  porei  Id  tin  mtll  of  tha  bodj ; 
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I,  endodeni ;  <v  gctodeim ;  y,  ova.    The  trindiata  ipieals  are  seen 

imbedded  in  the  ectodenn. 
U^  A  portion  of  the  endoderm,  with  two  pores  {p) ;  t,  endodermal. 

edb ;  theae  roimd  the  maigina  of  the  pores  have  their  cilia  directed 

iavaids;  €.  eetodennal  syncytium;  ^,  ova;  i,  sperm  cells. 
IIL,  A  flBonaaiform  endodermal  cell. 
IV.,  An  endodermal  cell,  with  retracted  clUmn,  and  having  the  charac* 

ten  of  an  ^flMcAo. 
V^  The  dliated  emhryo  of  Aseetta  wtirabiKt, 
Vl.,  The  same  embryo  in  optical  longitudinal  section ;  e,  eplblsst ; 

a,  Iqrpoblaat ;  v,  blastoecsle. 

vpon  the  morpliology  and  phyriologj  of  the  marine  sponges, 
particularly  of  those  sponges  with  calcareous  skeletons, 
which  are  termed  Caihupangioi,  by  Lieberkiihn,  Oscar 
Schmidt,  and  especiallj  Haeckel.  It  has  become  clear 
that  SponffiUa  is  a  somewhat  aberrant  form,  and  that 
the  fanduQental  iype  of  Forif eral  organisation  is  to  be 
Bought  among  the  CaleuponguB.  In  the  least  complicated 
of  the  calcareons  sponges,  the  body  has  the  form  of  a  cnp, 
ind  is  attached  by  its  dosed  extremity.  The  open  extremity 
is  the  oteukttn,  and  leads  directly  into  the  spacionB  ventri- 
n2iis,  or  carity  of  the  cap.  The  comparatively  thin  wall  of 
the  cap  is  composed  of  two  layers,  readily  distingmshable 
bj  their  stmctnre — ^the  outer  is  the  ectoderm,  the  inner 
the  endoderm.  The  ectoderm  is  a  transparent,  slightly 
gnmnlar,  gelatinous  mass  in  which  nndei  are  scattered, 
Wt  whidi,  in  the  unaltered  state,  shows  no  trace  of  the 
primithre  distinctness  of  the  cells  which  contain  these 
nuclei,  and  is  therefore  termed  by  Haeckd  a  sffneyHwn. 
It  is  elastic  and  contractile,  and  sometimes  exhibits  an 
approach  to  fibrillation. 

The  endoderin,  on  the  contrary,  is  composed  of  a  layer 
of  reiy  distinct  cells,  each  of  which  contains  a  nndeos  and 
one  or  more  contractile  yacnoles,  and  is  produced  at  its 
^  extremity  into  a  long  solitary  cilinm  or  flagellmi]. 
Aronnd  the  bttse  of  this,  the  transparent  outer  portion  of 
t^e  protoplasm  of  the  cdl  is  produced  into  an  upstanding 
ridge  like  a  collar,  so  that  each  cdl  has  a  wonderful 
T^^emblance  to  some  forms  of  flagellate  Infusoria,  Micro- 
scopic apertures — the  pores — scattered  over  the  outer  sur- 
iace  of  the  cap,  lead  into  short  passages  which  perforate  the 
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ectoderm  and  endodenn,  and  thus,  place  the  ventricaLns 
in  commnnication  with  the  exterior.  The  working  of  the 
flagella  of  the  endodermic  oellB  canBes  the  water  contained 
in  the  gastric  cavity  to  flow  out  of  the  osctdum ;  to  nmke 
good  this  outflow,  minnte  streams  set  in  by  the  pores, 
which  have  consequently  been  called  inhalent,  while  the 
osculum  has  been  termed  the  exhaleni  aperture.  It  is  said, 
however,  that  the  direction  of  these  currents  is  not  invari- 
able ;  and  it  is  certain  that  the  pores  are  not  constant,  but 
that  they  may  be  temporarily  or  permanently  dosed,  and 
new  ones  formed  in  other  positions. 

The  skeleton  of  the  calcareous  sponges  always  consists 
of  a  multitude  of  separate  spicula,  composed  of  an  animal 
substance,  more  or  less  strongly  impregnated  with  carbonate 
of  lime,  which  is  deposited  in  concentric  layers  around  a 
central  axis,  formed  by  the  animal  basis.  This  skdeton  is 
developed  exclusively  in  the  ectoderm,  and  is  not  supported 
by  any  framework  of  fibrous  animal  matter. 

The  calcareous  sponges  are  frequently,  if  not  always, 
hermaphrodite.  The  reproductive  elements  are  ova  and 
sx>ermatozoa.  There  is  some  reason  for  assuming  that  the 
latter  originate  in  metamorphosed  cells  of  the  endoderm, 
as  they  are  found  scattered  between  ordinary  cells  of 
the  latter.  The  ova,  on  the  other  hand,  occur  sometimes 
between  the  cells  of  the  endoderm,  sometimes  imbedded  in 
the  syncytium  itself.  But  the  question  of  the  origin  of 
the  sexual  elements  in  these  and  other  animals,  needs  much 
further  investigation.  The  spermatozoa  are  very  delicate 
and  have  minute  rod-like  heads,  with  long  flagella.  The 
ova  present  the  normal  germinal  vesicle  and  spot,  but 
exhibit  active  amibboid  movements. 

Impregnation  is  effected,  and  the  first  stages  of  develop- 
ment take  place,  while  the  ova  are  still  imbedded  in  the 
body  of  the  sponge. 

Metschnikoff*  has  recently  described  the  development 

*  «Zur  Entwiokelungs-ge  Zoologie,' Bd.  xxiv,)  F.  E.  Schulze, 
Bcbichte  der  Kalluchwamme."  so  far  as  I  follow  Uaeckers  ac- 
(*Zeitschr.  filr  WissenschafUiohe      ooimt  of  his  recent  observations 
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of  9yeon  cUiahim,  The  oram,  after  impregnation,  be^ 
eomes  a  morula,  with  a  central  cleavage  cayitj  or  hlasto- 
aoefe.  But  the  hlastomeres  of  the  two  halves  of  the  morula 
take  on  different  characters — ^those  of  the  one  half  elon- 
gsting  and  acqairing  flageUif  orm  cilia,  while  those  of  the 
opposite  half  remain  globular  and  develope  no  cilia.  The 
latter  now  coeleece  into  a  sjnc jtinm,  and  develope  spictda, 
while  the  layer  of  ciliated  cells  becomes  invaginated  within 
the  syncytiTun.  More  nsoally,  however,  it  appears  that  a 
gastrnla  is  formed  by  invagination  of  the  morula,  the 
ectoderm  of  which  has  the  stmcttire  of  the  endoderm  of  the 
adnlt,  while  the  ceUs  of  the  endoderm,  or  lining  membrane 
ol  the  gastric  cavity,  are  devoid  of  cilia.  The  embryo  quits 
the  parent,  prox>elled  by  the  flagelliform  cilia  which  cover 
the  outer  surface  of  the  ectoderm.  After  a  time,  it  fixes 
itself  by  the  closed  end ;  the  flageUa  of  the  cells  of  the  ecto- 
derm are  retracted,  the  cells  themselves  become  flattened 
and  coalesce  so  completely  that  their  boundaries  cease  to 
he  distingniBhable,  and  the  ectoderm  passes  into  the  con- 
dition of  a  syncytium.  At  the  same  time,  the  cells  of  the 
endoderm  multiply,  elongate,  and  take  on  the  form  which 
charMterises  them  in  the  adult.  In  this  state  the  young 
sponge  is  termed  an  Aieida.  The  transition  to  the  final 
condition  is  effected  by  the  development  of  the  spicula  in 
the  Byncytium  and  the  separation  of  some  of  the  con- 
stituent  cells  of  the  syncytium  to  form  the  inhalent  pores. 

In  the  simplest  CalcupongioBf  forming  the  family  to  which 
Haeckel  applies  the  name  of  Aseones,  the  wall  of  the  ventri- 
cnlus  is  thin,  and  the  pores  open  directly  into  the  ventri- 
cular cavity;  but  in  another  family,  the  Leucones,  the 
BjucjUum  becomes  greatly  thickened,  and  the  pores  are 
oonaeqaently  prolonged  into  canals  (which  may  be  ramified 


(*  Die  Gastrnla  und  die  Eifur-      count  of  the  formation  of  the  gas* 
Chang  der  Thiere,*  p.  1 58),  agreea       tmla  by  delamination,  or  splitting 


with  Metaehnikoff  aa  to  the  first  of  the  walls  of  an  oval  shut  pla- 

stages  of  developmeDty  but  differs  nitiia-sao  into  two  layers,  and  th« 

is  ngard  to  aubeeqnent  stages.  subsequent  opening  of  the  planula 

Hasekel  wl^drawB  his  earlier  ac-  at  one  end. 

I  2 
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and  anastomose),  connecting  the  yentricalaB  with  the  ex* 
terior.  The  endodermic  cells,  which  in  these,  as  in  the 
Aseonesj  at  first  form  a  continuous  layer,  are  eyentoallj 
restricted  to  the  canals,  or  even  to  local  dilatations  of  these 
canals — the  so-called  "  ciliated  chambers." 

The  same  relative  disproportion  of  the  ectoderm,  with  the 
consequent  development  of  passages  which  traverse  the  mass 
of  the  sponge,  and  are  provided  at  intervals  with  ciliated 
chambers,  is  found  in  the  silicious  sponges,  in  which  the 
spicula,  if  they  possess  any,  are  formed  by  a  deposit  of 
silex ;  and  in  which,  as  a  rule,  the  sponge  corpuscles  are 
supported  by  a  more  or  less  complete  skeleton  of  a  tough 
animal  substance,  termed  hercUoae. 

HcUiearca,  however,  is  devoid  both  of  skeleton  and  spicula, 
and  the  minute  structure  of  the  curious  boring  sponges — 
the  CUoncB — has  yet  to  be  elucidated. 

HaUphyseTna  and  Chistroph/yBema,  of  Haeckel,  appear  to 
be  sponges  which  get  no  further  than  the  Chutrtda  con- 
dition, and  thus  form  a  connecting  link  between  the 
Sponges  and  the  HydroMoa. 

The  fresh-water  sponge  (SpangiUa)  has  been  studied  with 
extreme  care  by  Lieberkiihn,  and  the  following  account, 
based  upon  the  investigations  of  that  author,  is  given  for 
the  use  of  the  student  to  whom  SpimgiUafivmaUs  is  likely 
to  be  the  most  readily  accessible  of  the  sponges. 

The  fresh-water  sponge  grows  on  the  banks  of  docks, 
canals,  rivers,  and  on  floating  timber,  in  the  form  of  thick 
encrusting  masses,  which  usually  have  a  green  colour,  and 
require  a  constant  supply  of  freak  water  for  their  healthy 
maintenance.  The  surface  presents  irregular  conical  emi- 
nences perforated  at  their  summit  like  small  volcanic  craters, 
and  from  these  exhalent  funnels,  which  answer  to  the  oacula 
of  the  Caldspongice,  currents  of  the  water  are  continually 
flowing.  Careful  examination  of  the  surface  of  the  SponffiUa 
between  the  exhalent  craters,  shows  that  it  is  formed  by  a 
delicate  membranous  expansion,  separating  which  from  the 
deeper  substance  of  the  SpongiUa  are  a  number  of  irregular 
cavities.    In  some  cases,  these  run  into  one  great  water- 
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cliamber.  The  saperficial  chambers,  or  chamber,  commxmi- 
cate  with  the  exterior  by  pores,  which  perforate  the  mem- 
bnnouB  expansioii,  are  similar  to  those  in  the  outer  surface 
of  the  Tentricolar  wall  of  a  simple  calcareous  sponge,  and 
sabaerre  the  same  inhalent  function.  On  their  inner  face, 
or  floor,  the  supearficial  chambers  exhibit  the  apertures  of 
immmeKLble  canals,  which  trarerse  the  deep  substance  of 
the  SpongiOa  in  all  directions,  and,  sooner  or  later,  tmite 
into  passages  which  lead  directly  into  the  cavities  of  the 
ohaleut  craters.  Dilatations  of  the  canals  occur  at  in- 
temls,  and  are  lined  by  the  characteristic  monadif orm 
e&dodermic  oeHs,  which  are  restricted  to  the  walls  of  these 
ciliated  chambers.  It  is  by  the  working  of  the  cilia  of  these 
cells  that  currents  of  water  are  made  continually  to  enter 
by  the  inhalent  pores  and  to  pass  out  by  the  ezhalent 
ciaters.  The  whole  fabric  is  supported  and  streng^ened 
bj  a  skeleton,  which  consists,  in  the  first  place,  of  bands 
and  filaments  of  keratose,  and,  secondly,  of  silicious  spi- 
cola,  the  nugority  of  which  resemble  needles  pointed  at 
each  end,  and  contain  a  fine  central  canal  filled  with  an 
onnlidfied  substance.  The  indiriduality  of  these  animals 
18  io  little  marked  that  two  SpongUUe,  when  brought  into 
contact,  before  long  fuse  into  one ;  while  they  may  diride 
gpontaoeously,  or  be  separated  artificially  into  different 
portions,  each  of  which  will  niaint>ain  an  independent 
existence. 

A  process  analogous  to  the  formation  of  cysts,  which 
is  10  common  among  the  ProkmotB,  takes  place  in  the 
deeper  substance  of  the  body,  especially  in  the  autumn. 
A  nomber  of  adjacent  sponge  corpuscles,  losing  their 
gtannlar  appearance,  become  filled  with  clear  strongly 
nhwciang  granules,  the  nucleus  ceasing  to  be  visible.  The 
>posge  corpuscles  which  surround  these  become  closely 
applied  together,  and  secrete  coats  of  keratose,  which  fuse 
with  those  of  the  adjacent  corpuscles.  In  the  interior  of 
«aeh  a  singular  silicious  spiculum  is  formed,  consisting  of 
two  toothed  disks,  like  cogged  wheels,  united  by  an  axis. 
Ai  this  **  QfmjphidUcm  "  enlarges,  the  protoplasm  of  the  cor- 
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puscle  diBappears,  and  at  length  notbing  is  left  but  the 
envelope  of  keratose,  with  the  imbedded  amphidiBks,  dis- 
posed perpendicularly  to  its  surface.  At  one  point  of  the 
spheroidal  envelox>e,  a  smaLl  opening  is  left,  and  the  so- 
called  "seed"  of  the  Spongilla  is  complete.  It  remains 
throughout  the  winter  unchanged;  but,  with  the  return  of 
warmth,  the  sponge  corpuscles  enclosed  within  the  coat 
of  the  "  seed,"  or  more  properly  cyst,  slowly  escape  through 
the  pore,  become  perforated  by  inhalent  and  exhalent 
apertures  and  canals,  and  derelope  the  characteristic  spicnla 
of  a  young  SpongUla, 

This  process  of  encystment,  which  maybe  regarded  as 
a  kind  of  budding,  akin  to  propagation  by  bulbs  among 
plants,  has  not  been  observed  among  maidne  sponges. 

Sexual  propagation  takes  place  in  the  same  way  as  in 
the  CcdcispanguB,  and  the  embryo  passes  through  morula 
and  planula  stages.  But  the  ciliated  cells  which  form  the 
outer  wall  of  the  latter,  and  constitute  its  locomotive 
apparatus,  seem  to  vanish  when  the  embryo  fixes  itself,  and 
the  body  of  the  joung  Fihrospongia  appears  to  be  developed 
out  of  the  inner  cells,  which,  in  the  meanwhile,  have  become 
spiculigerous.  However,  the  details  of  the  mode  of  develop- 
ment of  the  Fihroapongice  require  further  elucidation. 

In  both  the  marine  and  the  fresh- water  sponges  the 
ingestion  of  solid  matters — such  as  carmine  and  indigo — 
by  the  monadiform  endodermic  cells  has  been  seen  by 
several  observers.  According  to  Haeckel,  the  solid  par- 
ticles, which  usually  are  taken  in  between  theflageUum  and 
the  collar,  may  also  be  ingested  at  other  parts  of  the  surface 
of  the  endodermic  cell.  In  the  course  of  such  experiments, 
also,  gpranules  of  the  pigment  may  be  found  in  the  ectoderm, 
but  whether  they  enter  it  directly,  or  secondarily  from  the 
endoderm  is  unknown.  Sponges  absorb  oxygen, -and  give 
off  carbonic  acid  with  great  rapidity ;  and  the  manner  in 
which  they  render  the  water  in  which  they  live  impure, 
and  injurious  to  other  organisms,  suggests  the  elimination 
of  nitrogenous  waste  matter. 

The  syncytium  may  contract  as  a  whole,  and  is  liable 
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to  local  oontractioii8»  as  when  the  oecnla  or  the  pores  shut 
or  open.  The  contours  of  the  ceUs  of  which  it  is  composed 
are  inrisihle  in  the  fresh  state,  and  hence  it  appears  as 
a  mere  ''sarcode"  or  transparent  geLatinons  contractile 
sobstance,  in  which  nndei  and  grannies  are  imbedded  here 
and  there.  But  Lieberkiihn  has  shown  that,  when  the 
water  in  which  SpongiOa  lives  is  heated  to  the  point  at 
which  thermic  coagolation  of  the  protoplasm  of  the  cells 
oecrorB,  their  boundaries  at  once  become  defined,  and  the 
eeUs  oommonlj  detach  themselves  from  one  another.  The 
sjncytinin  is  therefore  formed  by  the  close  union,  and  not 
bj  the  actaal  fusion,  of  the  cells  of  the  body.  • 

It  is  a  -very  interesting  fact  that  thread-cells,  similar  to 
those  which  are  so  abundant  in  the  Ccdewterata,  are  said  to 
occur  in  some  sponges.  Eimer  *  finds  these  structures  in 
species  of  the  BenierifUB^  The  thread-cells  are  scattered 
through  both  endoderm  and  ectoderm,  and  abound  on  the 
free  snifaoe  of  the  former,  where  it  limits  the  canals  of 
the  flange,  bnt  do  not  occur  on  the  outer  surface  of  the 
eetoderm«  The  same  observer  states  that  he  found  partly 
digested  remains  of  small  crustaceans  in  the  ventricular 
cavities  and  passages  of  both  silicions  and  calcareous 
Bpongee. 

The  Porifera  present  three  principal  modifications — 
the  Myxaapongi4Bj  the  CalcitpongioB,  and  the  FihroapongioB, 
—the  Myaootpongiw  being  altogether  devoid  of  skeleton; 
the  CtUeuponfficB  possessing  calcareous  spicula,  but  no 
fibrous  keratose  skeleton;  and  the  FibrogpongioB  having 
a  fibrous  skeleton;  and  (usually)  spicula  of  a  silicious 
nature.  To  these  it  is  probable  that  the  ClionidoB  must  be 
added,  as  a  fourth  type,  devoid  of  a  fibrous  skeleton,  but 
possessing  silicious  spicula  of  a  very  peculiar  kind,  by  the 
help  of  which  they  are  able  to  burrow  pai*a8iticaJly  in  the 
shells  of  mollusks.  Finally,  Hialy^hygema  and  Oattrophysema 
appear  to  be  even  simpler  than  the  Mymo9pongi<B, 

The  division  of  the  MyxaapcnffUB  contains  only  the  gela- 

*  **  NeMeixellen  ond  Saamen  bei  See-Schwiimmen."    Q  Archiv  fQr 
HikmkiopiMbe  AiuUcniie,'  vUi.,  1872.) 
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tinotiB  HdiUsaireck,  The  Cofeupon^ruB,  in  addition  to  the  t^ro 
families  of  Aaean/eB  and  Leueone;  already  referred  to, 
include  a  third — ^the  Syeonea,  which  are  esaentiallj  com- 
posite AaeofMB,  The  FibroapongioB  present  a  great  dirersity 
of  form  and  stmctare.  They  may  have  the  form  of  flattened 
or  globular  masses,  arboi^escent  tree-like  growths,  flagellate 
expansions,  or  wide  or  deep  caps.  The  sponge  of  commerce 
derives  its  valae  from  the  fact  that  its  richly  developed 
fibrous  skeleton  is  devoid  of  spicula.  On  the  other  hand, 
in  such  sponges  as  Hyalonema  and  EupUdeUa,  the  silicioiua 
spicula  attain  a  marvellous  development  and  complexity  of 
arrangement.  In  the  latter  genus,  they  form  a  fibrous  net- 
work with  regular  polygonal  meshes.  These  appear  to  be 
the  representatives  of  the  VewtrieulUeB,  which  were  so 
common  in  the  seas  of  the  Cretaceous  epoch. 

Seepoffe  l%l. 

Fig.  12.— A,  Hypothetical  seotion  of  a  SpomgUla:  a,  lupeiflcial  layer; 
6,  inhalent  apertures :  c,  ciliated  chambers ;  d,  an  exhalent  aperture ; 
e,  deeper  subetance  or  the  sponge.  The  arrows  indicate  the  direction 
of  the  currents.  B,  a  small  Sbonffiila  with  a  single  exhalent  aper> 
ture.  seen  from  above  (after Xieberkiihn):  a,  inhalent  apertures; 
c,  ciliated  chambers ;  d^  exhalent  aperture.  C,  a  ciliated  chamber. 
D,  a  free-swimming  ciliated  embryo. 

Spongy  abound  in  the  waters  of  all  seas,  but  SpongiUa 
is  the  sole  fresh-water  form.  CUonidcB  existed  in  the 
Silurian  epoch,  but  the  most  plentiful  remains  of  sponges 
have  been  yielded  by  the  chalk. 

The  OcELBirrB&ATA. — ^This  group  of  the  Metatoa  con- 
tains those  ftTiiTinft.1g  which  are  commonly  known  as  Polypes, 
Jelly-fishes,  or  Medu8CB,  Sea  anemones,  and  Corals.  They 
exhibit  two  well-marked  series  of  modifications,  termed 
the  Hydrotoa  and  the  Aetinozoa, 

The  Htdbozoa. — The  fundamental  element  in  the 
structure  of  this  group  is  the  Hydranth,  or  PolypUe,  This 
is  essentially  a  sac  having  at  one  end  an  ingestive  or  oral 
opening,  which  leads  into  a  digestive  cavity.  The  wall  of 
the  sac  is  composed  of  two  cellular  membranes,  the  outer 
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of  vliichia  termed  ttieaefodorm,  and  the  iimerthe  sndodenn, 

tlie  tormtx  having  the  morphological  ralue  of  the  epidermis 

Fig.  IS. 


£ 


f  if.  13.— IMlcivDW  iltiutntlve  of  tha  mntiu]  relitloiu  of  tha  Bydro- 

\.  Hydrm.     S.  Sertularlan.     3.  Olyaaphoridui.     t.  Fhjiophoridau. 

5-  Lucflnuiimn, 
a.  Ectoderm,    b.  Endodenn.    e.  The  dlgeitiTe  and  loniatls  eavitT. 
F.  TantMln.      N.  NectonlTi.      T.    Ccpnotuo.     B.   HTdraphTUfiUD. 
H]Mtrtath.     O.  GonophoTG.     A.  Alt  Tcsicle 


nniRiBtophore.     e.  Dlnallvc 
1.,  II.,  HI.,  IV,  reprcKnt  tlie 
Hediuiform  gonophoro. 
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of  the  lii^er  animalw,  and  the  latter  that  of  the  epithelium 
of  the  alimentaiy  canaL*    Between  these  two  layers,  a 

Anatomy  and  Afllnities  of  the 
Jtfeeftiafle/  read  before  the  Boyal 
Society  in  June  1849. 

**  ProfeeBor  Allman,  In  his  valu- 
able memoir  *On  Gordylonhora ' 
(Pbjl.  Trans.  1855),  has  adopted 
and  confirmed  this  morphological 
law,  introducing  the  convenient 
terms  *  ectoderm'  and  'endo- 
derm,'  to  denote  the  inner  and 
outer  membranes,  and  Gegenbaur 
(*Beitrage  sur  naheren  Kennt- 
niss  der  Schwimmpolypen,'  1854^ 
p.  42)  has  partially  noticed  its 
exemplification  in  Apolemia  and 
Rhivjph^ta;  but  it  seems  singu- 
larly enough  to  have  fkiled  to 
attract  the.  attention  of  other 
excellent  Gennan  observers,  to 
whose  late  important  investiga- 
tions I  shall  so  often  have  occa- 
sion to  advert.  The  peculiarity 
in  the  structure  of  the  Dody  walls 
of  the  Hydrozoa  to  which  I  have 
just  referred,  possesses  a  singular 
interest  in  its  bearing  upon  the 
truth  (for,  with  due  limitation,  it 
is  a  great  truth)  that  there  is  a 
certun  similarity  between  the 
adult  states  of  the  lower  animalS| 
and  the  embryonic  conditions  of 
those  of  higher  organisation. 

**  For  it  is  well  known  that,  in  a 
very  early  state,  the  germ,  even  of 
the  highest  animals,  is  a  more  or 
less  complete  sac,  whose  thin  wall 
is  divisible  into  two  membranes, 
an  inner  and  an  outer ;  the  latter 
turned  towards  the  external 
world;  the  former,  in  relation 
with  the  nutritive  liquid,  the 
yelk.  The  inner  layer,  as  Remak 
Las  more  particularly  shown,  un- 
dergoes but  little  histological 
change,  and  throughout  life  re- 
mains more  particularly  devoted 


♦  "Tbe  body  of  every  Hydro- 
1  essentially  a  sac  composed 
of  two  membrsaes,  an  extomal  and 
IB  internal,  which  have  been  con- 
Toiestly  denominated  by  the 
tmnscdodmii  and  enefof/enn.  The 
nvitT  of  the  sac,  which  wiU  be 
Ciiled  the  aomctie  oovlfy,  contains 
a  fluid,  ehaised  with  nutiitive 
Batter  in  scMution,  and  some- 
tiiMS,  if  not  always,  with  sus- 
pended solid  partlclea,  which  per- 
f.fB  the  fimotioiis  of  the  blood 
in  aahula  of  hi^er  organisation, 
tod  nsy  be  termed  the  aomatie 
/lad,  .  .  .  Notwithstanding  the 
extreme  variety  of  form  exhibited 
b?  the  Hydroaoa,  and  the  multi- 
p'ieitj  and  complexity  of  the 
orj^ans  which  some  of  them 
V^MBtthey  never  loee  the  traces 
of  tliii  primitive  simplicity  of  or- 
pBifistion;  and  it  is  but  rarely 
Uat  it  is  even  disguised  to  any 
naidenble  extent.  .  .  .  This 
^Mvtant  and  obvioos  struo- 
^  peculiarity  could  hardly  es- 
ttpe  notice,  and  I  find  it  to  have 
ra  observed  by  Trembley| 
^tftker  snd  Laurent,  Corda  and 
£ckcr  in  Hpdrag  by  Rathke,  in 
(^<^]r»e ;  hy  Frey  and  Leuclcart,  in 
^wwrja;  and  it  is  given  as  a 
f^tticter  of  the  hydroid  polypes 
n  geaersl  (Hjydngf  CorynkUB,  and 
Sainimrid^'uk  the  second  edition 
ofCavier's*  Lemons/  I  pointed  it 
OQt  as  the  general  law  of  structure 
^  the  hydroid  polypes,  Jl>q>hyda 
*^<1  PkytophoritUe,  in  a  paper* 
Kat  to  the  Lfnnean  Society,  from 
Aostraiia,  in  1847,  but  not  read 
before  that  body  till  January, 
1^9 ;  and  I  extended  the  general- 
itttioa  to  the  whole  of  the  Hy- 
^ffixoa^  in  ft  'Memoir    on   the 


'  'ObaerTaHom  upon  the  Anatomy  of 
the  USpliyd*,  and  the  Unity  of  Orfpui- 
^««i  of  thB  Biphydae   and  Pbyeo- 


phorkte.'  An  abstrKt  of  this  essay 
was  published  In  the  *  Proceedinisa  of 
the  Linnean  Society '  for  1849. 


124       THE  ANATOMY  OF  HfYBBTEBBATED  AKIICALS. 

third  layer — ike  metaderm, — ^which  represents  the  straeture 
wbich  lie  betwe^  the  epidermis  and  the  epithelinm  ii 
more  complex  animals,  may  be  developed,  and  sometiine 
attains  a  great  thickness,  bnt  it  is  a  secondaiy  and,  in  tli* 
lower  Hydrozoa,  inconspicuous  production. 

All  the  Hydro9oa  are  provided  with  tentaeula.  These  ar^ 
elongated  and  sometimes  filiform  organs  of  prehensioii 
which  are  generallj  diverticula  of  both  ectoderm  and  endo 
derm,  but  may  be  outgrowths  of  only  one  of  them. 

Thread-cells,  orneTnaiocysU,  are  very  generally  distributee 
through  the  tissues  of  the  CceilefUeraia,  In  its  mofil 
perfect  form,  a  nematocyst  is  an  elastic,  thick-walled  sac 
coiled  up  in  the  interior  of  which  is  a  long  filament,  often 
serrated  or  provided  with  spines.    The  filament  is  hollow, 


to  the  fanotioiif  of  alimentation, 
while  the  outer  gives  rise,  by 
manifold  differentiations  of  its 
tissue,  to  those  complex  structures 
which  we  know  as  integument, 
bones,  muscles,  nen^es,  and  sen- 
sorv  apparatus,  and  which  espe- 
cially subserve  the  functions  of 
relation.  At  the  same  time,  the 
various  organs  are  produced  by 
a  process  of  budding  from  one 
or  other,  or  both,  of  these  primary 
layers  of  the  germ. 

'*  Just  so  in  the  Hydrozoon':  the 
ectoderm  gives  rise  to  the  hard 
tegumentaxy  tissues,  to  the  more 
important  masses  of  muscular 
fibres,  and  to  those  organs  which 
we  liave  every  reason  to  believe 
are  sensory,  while  the  endoderm 
undergoes  but  very  little  modifi- 
cation. And  every  organ  of  a 
Hydrosoon  is  pnxmced  by  bud- 
ding from  one,  or  other,  or  both 
of  these  primitive  membranes; 
the  ordinary  case  being  that  the 
new  part  commences  its  existence 
as  a  papillary  process  of  both 
membranes,  ineloding.  of  course, 
a  divertloolnm  of  tbe  somatic 
cavity. 


**  Thus  there  is  » very  real  and 
genuine    analogy    between     the 
adult  Hydrosoon  and  the  embryo- 
nic vertebrate  animal ;  bnt  I  need 
hardly  say  it  by  no  means  justi- 
fies   the    assumption    that    the 
Hydrosoa  are  in  any  sense  *  ar- 
rested developments'  of  higher 
organisms.    All  that  can  justly 
be  afflrmed  is,  that  the  Hydrosoon 
travels   for   a   certain    distance 
along  the  same  great  highway  of 
development  as  tne  higher  animal, 
before  It  turns  off  to  follow  the 
road  which  leads  to  its  special 
destination." 

In  this  psssaoe  of  my  work  on 
the  <  Oceanic  Hvdroaos,'  (1859,) 
I  expanded  the  Idea  enunciated  in 
the  Memoir  on  the  Medusas  here 
referred  to.  that,  ^  the  outer  and 
inner  membranes  appear  to  bear 
the  same  physiological  relation 
to  one  another  as  do  the  serous 
and  mucous  layers  of  the  germ/* ; 
The  diagram  (Fig.  13),  exhibit-  ' 
lug  the  relations  of  the  different 

{groups  of  the  Hydrosoa,  was  pub- 
ished  in  the  '  Medieal  Times  and 
C^asette '  in  June,  1856. 
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and  is  contmuoas  with  the  wall  of  the  sac  at  its  thicker  or 
Uttl  end,  while  its  other,  pointed,  end  is  free.  Very  slight 
preBsnre  causes  the  thread  to  he  swiftly  protroded^  appar- 
ently by  a  process  of  eragination,  and  the  nematocyst  now 
appears  as  an  empty  sac,  to  one  end  of  which  a  long  fila- 

Fig.  14. 


Fig.  U.— Sacealos  of  a  tentacle  with  nematocysts  of  Athorybia,  A, 
peduncle  or  ttalk,  and  B,  involucnim  of  the  sacculnB  C ;  O,  ffla- 
UMoli;  d,  ectoderm;  e,  endoderm;/,  nematocytts ;  1,  smalt  nema- 
toejBti  of  the  filaments  and  iavolncrum ;  2, 3,  larger  nematocysts  of 
the  sac ;  4,  largest  nematocysts. 

meQt,  <rften  provided  with  two  or  three  spines  near  its  base, 
is  attached.  Many  of  the  Ccelenieratay  and  notably  the 
PhftaUa,  give  rise  to  violent  urtication  when  their  tentacles 
come  in  contact  with  the  human  skin,  whence  it  may  be 
eondoded  that  the  nematocysts  produce  a  like  injnrions 
effect  upon  the  bodies  of  those  animals  which  are  seized 
and  swallowed  by  the  Polypes  and  Jelly-fishes. 

As  regards  the  ezLstence  of  a  nervous  system  in  the 
flfdrosoa,  very  diverse  opinions  have  been  entertained,  and 
it  may  be  doubted  if  the  problem  has  even  yet  received 
ita  final  solution.     I  have  already  discussed  ^einenberg's 
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snggestion,  that  the  branched  prolongationB  of  the  inner 
ends  of  the  cells  of  the  ectoderm  in  Syd/ra,  which  end  in 
the  longitudinal  fibres  which  lie  between  the  ectoderm  and 
the  endoderm  may  be  nerves  in  their  earliest  stage  of 
differentiation.  Haeckel  describes  a  nervous  system  in 
Glo88oeodon  and  Carmarina.  It  consists  of  a  circular  bajid 
which  lies  on  the  inner  side  of  the  circulax  canal  of  tlie 
bell-shaped  swimming  organ  of  these  Ifeduscsy  and  presents 
a  ganglionic  enlargement  at  the  base  of  each  of  the  litlio- 
cysts.  Of  these  eight  ganglia,  the  four  which  correspond 
to  the  openings  of  the  four  radial  canals  into  the  circnlar 
canal,  are  the  larger.  Each  of  these  gives  off  four  brandieB, 
one  of  which  follows  the  course  of  the  radial  canal  to  the 
central  polypite  or  manubrium;  two  others  go  to  the 
adjacent  tentacles,  and  the  last  to  the  lithocyst.* 

There  can  be  little  doubt  that  the  lithocyais,  or  sacs  con- 
taining mineral  particles,  which  are  so  frequently  found  in 
the  MedussB,  are  of  the  nature  of  auditory  organs ;  while 
the  masses  of  pigment,  with  imbedded  r^raddng  bodies, 
which  often  occur  associated  with  the  lithocysts,  are  donbt- 
less  rudimentary  eyes. 

The  sexual  reproductive  elements  are  ova  and  spermatozoa 
— ^the  ova  being  very  often  devoid  of  a  vitelline  membrane. 
The  fully  formed  generative  elements  lie  between  the  ecto- 
derm and  the  endoderm  of  that  part  of  the  body  wail  in 
which  they  make  their  appearance.  In  Hydractinia^  as 
has  already  been  pointed  out,  the  ova  appear  to  be  modified 
cells  of  the  endoderm,  and  the  spermatozoa  modified  cells 
of  the  ectoderm ;  but  it  remains  to  be  seen  how  far  this 
rule  is  of  general  application. 

Usually,  the  region  of  the  body  in  which  the  g^erative 
organs  are  produced  undergoes  a  special  modification 
before  the  reproductive  elements  make  their  appearance 
in  it,  giving  rise  to  a  peculiar  organ,  the  gonophore.    In  its 

*  Haeokel,      *  Beitrage      zur  important   observations  of    Mr. 

NaiorKeschichte   der   Uydrome-  Romanes    on     the     Locomotor 

dusen.     The  anatomical  disposi-  system  of  Medusse.  (Proceeding's 

tion  of  this  nervous  apparatus  of  the  Royal  Society,  December 

accords  very  well  with  the  recent  1875.) 
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simplest  condition  the  gonophore  ia  a  mere  sac-like  diyer- 
tienlnm,  or  outward  procees  of  the  body  wall.  Bat,  from 
tins  state,  the  gonophore  presents  every  degree  of  complica* 
tios,Tnitil  it  acquires  the  form  of  a  bell'Shaped  body,  called 
from  its  resemblance  to  a  Mediua  or  jelly-fish,  a  medueoid* 

In  its  most  complete  form,  the  mednsoid  consists  of  a 
disk  baving  the  form  of  a  shallow  or  deep  cup  (nectoealyx)^ 
from  the  centre  of  the  concavity  of  which  projects  a  sac 
tinned  the  mamtbriwn.  The  cavity  of  the  sac  is  continued 
isto  that  of  sundry  symmetrically  disposed  canals,  most 
commonly  four  in  number,  which  radiate  from  the  centre 
ct  the  disk  to  its  circumference,  where  they  open  into  a 
ciicnlar  marginal  canal.  A  membranous  fold,  the  velum, 
vliich  contains  muscular  fibres  arranged  concentrically  to 
its  free  margin,  is  attached  to  the  inner  circumference  of 
the  mouth  of  the  bell,  and  projects,  like  a  shelf,  into  its 
interior.  Lithocysts  are  usually  developed  on  the  margins 
of  the  bell,  which  may  also  g^ve  rise  to  tentacles.  The 
nannhrium,  opening  at  its  free  end,  may  become  fnnction- 
kllj.  as  well  as  structurally,  a  hydranth,  and  may  serve 
to  feed  the  medusoid  when  it  is  detached  from  the  hydro- 
fOBUL,  or  body  of  the  hydrozoon.  However  complex  its 
vtractore  may  be,  the  medusoid  commences  as  a  simple 
Imd-fike  outgrowth,  which  thickens  at  its  free  end;  the 
central  part  of  this  thickening  becomes  the  VQanubrium, 
vhile  its  periphery,  splitting  away  from  the  manubrium,  is 
conveited  into  the  disk  (Fig.  13).  A  single  prolongation  of 
the  somatic  cavity  is  continued  into  the  manubrium,  while 
•ereral,  usually  four,  symmetrically  arranged  diverticula 
otend  into  the  nectocalyx  and  become  its  radiating  canals. 
The  distal  ends  of  these  subsequently  throw  out  lateral 
bnaches,  which  unite  and  give  rise  to  the  circular  canal. 

The  Hthocysts  are  usually,  but  not  always,  free  and 

*  FvoB  the  imperfection  of  oar  strioted  to  what  are  known  to  be 

^oxmiedffi  respecting  the  origin  gonophores  developed  by  gemma- 

<if  Binj    of    the    medntiform  tion,*' medusa  "may  be  employed, 

Bfdnna,H  is  dlillealt  to  employ  in  a  general  sense,  as  the  equlva* 

^7  tcnninology  with  strict  con-  lent  of  the  somewhat  inconvenient 

■Messy.    If  *  medusoid"  is  re-  vernacular  term  **jelly-ilBb.'' 
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prominent,  and  the  one  or  many  solid  mineral  bodies  whieb 
they  contain  are  enclosed  in  special  envelopes.  Their 
stractnre  appears  to  be  more  complicated  in  the  OerytnUdm 
than  in  other  Mednss.    (Haeckel,  I.  o.) 

In  some  of  these  medosoid  gonophores,  the  reprodnctiTe 
elements  are  developed  while  the  gonophore  is  still  attached 
to  the  hydrosoma,  and  then  they  always  make  their  appear- 
ance in  the  wall  of  the  mannbrinm.  Bnt,  in  other  cases, 
the  mednsoid  becomes  detached  before  the  development  of 
the  reproductive  elements,  and,  feeding  itself,  increases 
largely  in  size  before  the  ova  or  spermatozoa  appear. 
Sooner  or  latter,  however,  the  reproductive  organs  are 
developed,  either  in  the  walls  of  the  manubrial  hydranth, 
or  in  those  of  the  canals  of  the  nectocalyx  of  the  medusoid. 

In  an  early  stage  of  its  existence,  every  hydrozoon  is 
represented  by  a  single  hydranth,  but,  in  the  great  migority 
of  the  HydrosoOf  new  hydranths  are  developed  from  that 
first  formed,  by  a  process  of  gemmation  or  of  fission.  In 
the  former  case  the  bud  is  almost  always  an  outgrowth 
or  diverticulum  of  the  ectoderm  and  endoderm,  into  which 
a  prolongation  of  the  cavity  of  the  body  extends.  Some- 
times the  hydranth  formed  by  gemmation  becomes  de- 
tached from  the  body;  but,  in  many  cases,  the  buds 
developed  from  the  primary  hydranth  remain  connected 
tog^her  by  a  common  stem  or  eoenoaare,  and  thus  give  rise 
to  a  compound  body,  or  hydrwoma. 

In  many  Hydraaoct,  the  ectoderm  gives  rise  to  a  hard 
cutionlar  coating,  and  in  some  of  these  ((kmipamdaridcBj 
SerivlaridoR,  Fig.  13,  2),  this  cuticular  investment,  on  the 
hydranth,  takes  the  shape  of  a  case  or  *'  cell '' — ^the  hydratheea 
— into  which  the  hydranth  may  be  more  or  less  completely 
retracted.  In  other  Hydrowoa,  protective  coverings  are 
afforded  to  the  hydranths  by  the  development  of  processes 
of  the  body  wall,  which  become  thick,  variously-shaped, 
glassy  lamellee.  These  appendages  are  termed  hydrophyUia 
(Fig.  13,  3). 

Again,  certain  groups  (the  CalyccphoridcB  and  most 
Pkyaophoridtjei)  are   provided  with  bell-shaped  organs  of 
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]«opii]sioii,  produced  l^  the  metamorphosis  of  lateral  buds 
of  the  hfdrotoma.  These  neetoccu/yees  have  the  stracture 
of  a  medosoid,  devoid  of  a  mannbrium.  In  others  {Physo- 
phorid4B\  one  extremity  of  the  hydrosoma  is  dilated,  con- 
tains air  enclosed  within  a  sac  formed  by  an  involution  of 
the  eetoderm,  and  constitutes  a  float  or  pnewnatcphore ; 
wfaHe  in  yet  others  {Diaeophora),  the  aboral  end  of  the 
hjdianth  is  dilated  into  a  disk  or  tmbreUa^  which  is  sns- 
<9eptible  of  rhythmical  contractile  movements,  by  which 
the  body  is  propelled  through  the  water.  Thus,  notwith- 
standing its  different  mode  of  development,  it  has  a  close 
raemblanoe  to  a  medusoid*  According  to  the  existence 
or  sfasence  of  these  various  appendages,  and  the  manner 
in  which  th^  are  disposed,  the  Hydrosoa  are  distinguish- 
Me  into  three  groups — ^1,  the  Hydrophora;  2,  the  Diseo- 
phora;  3,  the  Sipkonophora. 

L  The  Htdbophoba  are,  in  all  cases  but  that  of  Hydras 
fixed  ramified  hydroaomes,  on  which  many  hydranths  and 
gonophores  are  developed.  The  somatic  cavity  contained 
in  the  hydrosoma  always  retains  a  free  communication 
with  the  gastric  cavities  of  the  hydranths.  In  other  words, 
it  is  an  enieroecde.  The  tentacula  are  either  scattered  over 
the  hydranths  (Coryne),  or  are  arranged  in  one  circle  round 
ihe  mouth  (Sertularia) ;  or  in  two  circles,  one  close  to  the 
mouth,  and  one  near  the  aboral  end  (TubulcMria),  Yery 
generally — e.g.,  in  all  SertularicUB,  CarnpanularidcB,  and 
TubulaneUB — ^there  is  a  hard,  chitinous,  cuticular  skeleton, 
iperUare  of  Allman,)  which  frequently  gives  rise  to  hydro- 
thecsB,  into  which  the  hydranths  can  be  retracted  (Fig.  13, 2). 

The  gonophores  present  every  variety,  from  simple 
saGcnlar  diverticula  of  the  hydrosoma  to  free  swinmiing 
medusoids.  The  inner  margin  of  the  bell  in  these  medu- 
Boids  is  always  produced  into  a  velum,  and  otolithic  sacs 
and  eye-spots  are  very  generally  disposed  at  regular  in- 
tervals around  the  circumference  of  the  bell.  The  great 
majotity  of  what  were  formerly  termed  the  naked-eyed 
Medusas  {Gym/n^hthahfiata)  are  merely  the  free-swimming 
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gqaophoK»(dtbaBydrophora.  Thna  the  meduBoidB  known 
aa  Barsiada  are  the  free  gtmophore*  of  the  Corynidm  ,-  the 
Bir»gairmllea  and  Liamm  of  the  Ihidevdridoi  \  manj 
OeecmiifB  proceed  from  Tvhvlanda;  TiiavmtuUidta  and 
^guorulte  ttam  CamipaM^larida. 
In  some  Hytlrqphora  {e.g.,  Calyoelia)  the  margins  of  the . 

Fig.  15. 


Fig.  M.—  Campmularia  (after  GegeDbaur}.— A,  Hydrantli;  e,  its 
peduDcle;  e',  hydrotbeoa ;  a,inoath;  fc,  tenluln ;  4*,  digealire  c«Tity, 
Gonlinaoue  with  the  somatlo  cavity  i,  contained  In  the  pedonclt  and 
in  the  creeping  atem,  9.  B,  gonaiiKiuin  conUining  two  meduiifoiiii 
zoinda  or  gonophocei  a ;  the  aomatlc  caritj  V  it  Id  coDnection  with 
that  of  the  creeping  tlxm.    C,  Bad. 

hydrotheca  are  prolonged  into  triangular  procesHea,  which 
aerve  as  an  opercnlnm. 

Certain  Plwamla/ndix  are  prorided  with  prominences  of 
the  hjdroaoma  enrroonded  bj  a  chitinona  investment, 
which  is  open  at  the  ertremity.  The  enclosed  eof  t  eotoderm 
UBoallj  oontaina  msaj  thread-cella,  and  hae  the  power  of 
throwing  ont  oontraotile  poeudopodial  proceaseB.     These 
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liare  been  termed  nematophorea  hj  Mr.  Bnsk."  In  Ophiodea 
HinckB)  thej  are  tontacnliform. 

It  freqneutl;  happens  that  the  gonophorea  are  developed 
apon  special  stalks,  each  of  which  has  easentialljr  the 
atTOctmre  of  a  monthlesa  hjdranth.  Tbia  ia  termed  :' 
tiadoth/U.  In  some  blastOHtjlea  (Fig.  15),  during  the  dt^ 
Telopment  of  the  bnds  of  the  gonophorea,  the  ectoden: 
spliba  into  two  layers — an  inner,  which  p.    j^ 

inTeste  the  central  axis  formed  hj  the 
cndoderm  with  the  contained  prolon- 
^tion  of  the  somatic  cavity ;  and  an 
'jal«r,  chieflj,  if  not  wholl;,  chitinon* 
Ujer.  Into  tiie  interapace  between  these 
tno,  the  budding  gonophores  project, 
and  may  emerge  from  the  summit  of 
the  gowmgmm,  thns  formed,  eitiier  to 
'lerelope  the  reprodactiTe  elemente,and 
ehed  them  while  still  attached,  or  to  be 
i^t  at  libertr  as  free  mednsoids  (Fig.  16). 

AUman  f  has  shown  that,  in  Dieoryns  jig_  i6,— MeduBifonn 
fjtfaria,  the  gonophore  contained  in  a  iMid  of  Cavipmu- 
yonaaginm.  somewhat  like  ftat  of  £00-  ^llii"/'''^  *'n^- 
n«I«i,  is  set  free  aa  a  ciliated  bitenta-  a>l]'i'|K,tenuu:lw; 
eolate  body,  on  the  central  axis  of  »■  llibocvita;  a', 
vliich  the  ova  and  epermalozoa  are  de-      briiuD.gncioungUie 

reloped.  digettiiocsvlty;  0, 

In   the  genns  Aglaophenia  (PIum«-      ^j^:   *"•  "«"'' 
^'^ida),  gronps  of  gonangia  are  encloaed 
ia  a  common  recoptaele  (eorfruja,  Allman),  formed  bj  the 
derelopment  and  onion  of  lateral  processes  (comparable  in 
some  respects  to  the  hydrophjUia  of  the  Caiycophtridte) 

*  ThnarcdataibadnDdcitiia  1871,  p.  31.  In  this  beantiftill; 
M»B  of  "ol«T«t»  orguii,"  »nd  ILliutnled  and  eJ&boraia  work, 
enaived  with  the  Unucles  of  [he  BtudenC  will  flad,  not  only  ■ 
Difiifdm  in    my  IfeniDii  on  the       full  ■ceoaal  of  the  organiutlDn 

-iiii.4« r.i..u..j "/i>i,ii        of  thegroupofwl)iohittr9«t«,but 

much  laroinuiion  respvcting  the 
/iyifnuea  In  genenl. 

K   2 
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from  that  region  of  the  hjrdroaoma,  whicli  bears  the  gono- 
some medosoida,  each  ae  Sartia  prolifara  and  WitUia,  the 
hfdroid  stages  of  which  are  not  at  present  certaiiil j  known, 
but  whicb  are  probabl]'  oorTiuform,  prodace  medasoida 
siinUar  to  themsdves  by  budding.  The  buds  may  be  de- 
veloped either  from  the  manabrium,  or  from  the  marg;iital 
canal  of  the  nectocaljz,  or  from  the  bases  of  the  tentacula, 
or  even  from  their  wkole  length. 

Fig.  17. 


Fig.  IT.—  WaUia,  ip.—A,  the  medum,  with  budding  stolonl.  B,  one 
of  the  buda  dsveloped  nn  ■  stolon;  h,  Tulld  canal  of  Iha  nectn- 
cal;x  ;  <,  manubrium.  C,  a  ttoloa:  y,  iU  tree  cod  bewCwith  nema- 
tfloyjls;  b,  c,  d,  budding  meriiuoida ; /,  mediirafd  nearly  ready  to 
bedrlached;  e,  itg  manubrium  ;  d,  ila  nectocalyi;  h,  >  radial  canal. 

In  AngUBt,  1349,  while  in  the  North  Pacific,  off  the 
Lonisiade  Archipelago,  I  took  a  epecies  of  WUltia  (Fig.  171. 
in  which  stolon b  were  developed  at  the  bifurcation  of  eaeh  of 
the  four  principal  radiating  canals  of  the  nectocalyi.  Each 
stolon  waa  terminated  by  a  knobbed  ertremitj  containing 
many  nematocysts  |C,  g),  and  gave  rise,  on  one  side,  to  a 
series  of  bnds,  of  which  those  neoreet  the  free  end  of  the 
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8t(4on  had  aoqnired  the  form  of  complete  mednsoids.  They 
hid  four  nnbranched  radiating  canals  and  four  tentacles ; 
bat  it  is  probable  that  they  would  assume  the  form  of  the 
parent  stock  after  detachment. 

In  striking  contrast  with  the  complexity  of  these  repro- 
dnctive  processes,  the  gonophore  is  represented,  in  Hydra, 
by  a  mere  enlargement  of  the  body  wall,  situated  close  to 
the  bases  of  the  tentacula,  in  the  case  <^  the  testes,  and 
nearer  the  attached  end  of  the  body  in  that  of  the  ovary. 
The  ovary  developes  a  single  ovum,  which,  as  Kleinenberg 
has  shown,  undergoes  division  and  invests  itself  with  a 
chitmous  coat  while  still  attached  to  the  body  of  the  parent. 
This  chitmous  investment  is  more  or  less  spinose,  and  is 
often  confounded  with  an  egg-shelL  It  obviously  answers 
to  the  perisare  of  a  Tubularian,  and  its  presence  in  the  em- 
biyo  of  the  Hydra,  in  which  no  perisarc  is  developed  by  the 
adolt,  suggests  that  Hydra  may  not  represent  the  simplest 
primary  condition  of  a  Hydrophoran,  but  may  be  a  reduced 
modification  of  a  Tubularian. 

2.  The  DiscoPHOKA.. — These  "Medusse"  resemble  the 
more  perfect  free  medusoid  gonophores  of  the  Hydrophora, 
in  80  far  as  they  consist  of  a  hydranth  or  polypite  attached 
to  the  centre  of  a  gelatinous  contractile  swimming  disk. 
Butth^  differ  from  the  medusoids  of  the  Hydrophora, 
inaamnch  as  they  are  developed  either  directly  from  the  im- 
pregnated OTum ;  or  by  gemmation  from  a  Medusa  which 
arises  in  this  way ;  or  by  the  transverse  fission  of  the  hydri- 
form  product  of  the  development  of  the  impregnated  ovum. 

In  some  of  these  {e.g.y  Carmarina,  Polyxenia,  JEgtnopsiSy 
Traehynema),  the  disk  is  similar  to  the  nectocalyx  of  one  of 
the  medusoids  of  the  Hydrophora ;  and,  like  it,  is  provided 
with  a  velum.  But  in  the  rest  {Lucemaria  and  the  Steganoph- 
ViaUnaia)  the  disk  is  either  devoid  of  a  velum,  or  possesses 
only  a  rudintient  of  that  structure,  and  is  termed  an  urn- 
hrdla.  The  edges  of  the  umbrella  are  divided  into  lobes 
by  marginal  notches  in  which  the  lithocysts  are  lodged. 
Moreover  in  these,  the  mineral  particles  of  the  lithocysts 
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are  uumerons,  and  not  enclosed  in  Bepamte  sacH.  Tbe 
lithocjBta  are  of  len  covered  b;  hood-like  processes  of  the 
umbrella,  whence  they  have  been  teimed  "  oovered-ejed  "  or 
Stega  nophtkalmata. 

Lwfemaria  is  fixed  hj  the  aboral  aide  <^  its  nmbrella 
(Fig.  13,  j),  by  means  of  a  longer  or  shorter  pednucle.  The 
umbrella  is  divided  into  eight  lobes,  at  the  extremities  of 
each  of  which  there  is  a  gronp  of  short  tentaclea.    Tbe 

Fig.  18. 


Fin.  18.-^1.  Aurdia  aurita.—L,  tha  prolonged  anglea  of  tbe  mouth  ; 

G,  geuit&l  chambflri ;  m,  [ilhocjata. 
JI.  Under  view  of  >  wgment  of  the  disk,  to  Bbow  the  ammgement  of 
the  radiating  onali;  the  aperture  of  a  eeoital  chamber  and  the 

Slalted  genital  membrane  allowing  tbrougb  iti  ventral  wall ;  and  a 
tbocyU  wilb  Its  proIectiTe  hood  (n). 

hjdranth  stands  ap  in  the  centre  of  the  nmbrella,  and  its 
cavity  communicates  with  a  central  chamber,  whence  four 
wide  chambers  pass  into  the  lobes.  These  chambers  are 
separated  by  septa,  the  free  central  edges  of  which  are 
beset  with  slender  tentacles.  The  reproductive  organs  are 
double  radiating  series  of  thickenings  of  the  oral  wall  of 
each  chamber." 
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All  the  other  Discophora,  which  are  what  are  commonly 
known  as  "  Jdly-fiah/'  are  free,  and  some  attain  a  yerj  large 
oze.  Li  the  adnlt  (Fig.  18)  the  umbrella  is  thick  and  divided 
bj  gmall  maj^^al  notches  into  as  many  (nsnally  eight) 
lobes.  At  the  bottom  of  each  notch,  often  protected  by 
epecial lobules,  is  an  oval  lithocyst,  supported  by  a  cylin- 
drical peduncle,  the  cavity  of  which  is  in  direct  communi- 
cation with  one  of  the  radiating  canals  of  the  umbrella 
iFig.  28,  lY.).  This  canal  commuzdcates  with  the  exterior 
on  the  aboral  side  of  the  base  of  the  peduncle.*  The  thick 
meaodenn  of  which  the  great  mass  of  the  umbrella  con- 
sists is  composed  of  a  gelatinous  connective  tissue,  in  the 
meshes  of  which  is  a  watery  fluid,  containing  numerous 
nucleated  cells  which  exhibit  amceboid  movements.  On 
the  oral  face  there  is  a  broad  zone  of  striped  muscle,  made 
np  of  fusiform  fibres  placed  side  by  side.  In  Avrelia 
oKrita,  the  angles  of  the  four-sided  hydranth  are  produced 
into  long  f  oliaceous  lips,  the  margins  of  which  are  beset 
with  minute  solid  tentacula  (Fig.  18).  The  gastric  cavity 
contained  in  the  hydranth  terminates,  beneath  the  centre  of 
the  umbrella,  in  a  somatic  cavity  which  passes  into  four 
ndially-disposed  wide  offshoots,  or  genital  ginuseSf  the  oral 
^alls  of  which  constitute  the  roof  of  the  genital  chambers 
(Fig.  18,  IL).  From  their  margins  the  narrow  branching 
radial  canals  are  given  off.  The  peripheral  ends  of  these 
oniie  when  they  reach  the  margin. 

^^h  genital  chamber  is  a  recess,  surrounded  by  a  thick 
^all  of  the  oral  face  of  the  umbrella,  in  the  centre  of 


tenoehnngea  ilber  niedere  See- 
tmere'  (1862),  in  his  monograph 
on  the  genns,  fnlly  confirms  this 
▼iew,  and  Prof.  H.  J.  CUrk 
•nired  independently  at  the  same 
c«nelaskMi :  **•  Lucermaria  the  C<e- 
WHype  of  the  Acalepha'*  (Pro- 
ceedbgi  of  the  Boston  Society 
«  Mttural  History,  1862).  The 
'^"ttnnria  {Carduella,  AUmsn) 
9^/orauf  of  Bars  differs  much 
H^^  the  ordinary   LuoemarMf 


espedally  in  the  position  of  the 
genital  organs  as  longitudinal 
thickenings  in  the  walls  of  the 
gsstric  cavity.  See  Allman,  **  On 
ue  Structure  of  Carduelia  cycUhi- 
formii"  (Trans.  Blicrosoop.  So- 
ciety, vlii.) 

*  The  circular  canal  of  the 
nectoealyx  communicates  with 
the  exterior  hy  apertures  on  the 
summits  of  papillose  elevations  in 
some  medosoids. 
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which  011I7  a  bidbU  aperture  is  left  (Fig.  18, 1,  a).  The  roof 
of  this  canty  is  the  floor  of  the  genital  taaaa;  it  is  much 
plaited  aad  folded,  and  the  genital  elements  are  developed 
in  it.  Ita  inner  or  endodermal  wall  is  beset  with  small  ten- 
tacular filaments  (Fig.  28,  III.).  The  ova  or  the  spermatozoa 


...  Lcl«  vrhich  tsnnlDate 

tbem;  o,  the  pillu*  which  iiupeDd  the  bnohiferoiu  disk  which 
fonni  the  Qoor  of  the  aah-nmbrellw  c^vlt; ;  /,  ihort  cUvate  ten- 
taclei  betvsea  the  onl  pore*. 

poaa  out  of  the  apertures  of  the  genital  chambers,  and  the 
ova  are  received  into   small  pouches  or  folds  of  the  lips, 
and  there  nndergo  the  preliminary  stages  of  their  develop- 
In  the  BhitothimidtB  (as  was  originally  suggested  by  Ton 
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B»er  and  ham  been  proved  by  L.  Agassiz  and  A.  Brandt,*) 
tlie  marpua  of  the  lipa  of  the  hjdranth  unite,  leaving  only 
a  noltitade  of  ranall  apertnree  for  the  ingestion  of  food  on 
the  long  amu,  which  represent  prolongations  of  the  tips  of 
ihe  hjdranth  {PigB,  19,  20,  21).  The  polystomatons  con- 
didoQ  thus  brought  aboat,  by  the  snbdiriBion  of  a  primi- 
tifelj  Bimple  oral  cavity,  is  obvioasly  qnite  different  in  its 
nitore  from  that  which  occurs  in  the  Porifera. 
Pig.  20. 


e  pWMd  noltsl  membrsiu  (O  sad  tbe  divided 

of  the  pilUn ;  if,  plwe  of  one  of  the  lithoiyits. 

B.  mM  of  the  oiml  pom  (n)  nrnmiided  by  tenluaLa  (n) ;  p,  one 
of  theclsista  tentacle* iDlenpened  betwe«    " 


In  moet  of  tbe  BhiEOtlomida,  not  only  do  tbe  edgea  of  the 
lips  unite,  but  the  opposite  walla  of  the  hydranth  beneath 
the  tun^rella  are,  a»  it  were,  pnsbed  in,  so  as  to  form  four 
'^hambera,  the  walls  of  which  unite,  become  perforated,  and 
tbns  give  rise  to  a  sab'OmbTellar  cavity  with  a  roof  formed 
•  'H«m.d(rAcwl.aeSt.Pet«n)>aQTg,'iTl„  1870. 
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b;  tlie  umbrella  and  a  floor,  the  braohifeTviu  dtft,  Boapended 
Fig.  ai. 


3B.f3 


Flg.2}.—C^aUaixeBata(!).—\,litiiocjttaB\aTgBdwiai  It*  bood  (J) 
and  the  sbonJ  pore  of  tM  cui>l  (c)  ;  d,  the  notch  of  the  mtrgln  of 
the  uinbrsllB.  B,  the  bMchlferout  disk  with  the  origin!  of  the  ermi ; 
/.  eadodena;  o,  eotodem.  C,  tent«culBle  lip  of  u  oral  pore  en- 
larged; u,  oral  cavity;  H,  nematocyBU. 

b;  four  pillars.    In  the  roof  the  plaited  genital  membranes 
are  developed.    The  floor  (Fig.  21,  b)  gives  off  the  subdivided 


Pig.  SS,— A,  D'phyet  appfndiadat^.^a,  h}nIraDlha  and  bfdronhjUi* 
on  the  hydrDeonia;  o,  proiimal  nectocaljx;  c,  aperture  of  dutal 
neetocKlyi ;  d,  KnnatocyBt ;  e,  prolongation  of  the  dislsl  nectoealjx, 
bjr  which  It  ii  aUaohed  to  the  hydroBoma ;  f,  point  of  attachmeiit  of 
the  hydroBoma  in  the  oavitj,  or  hydnEcium,  of  the  proiimal  necto- 
calyx.  B,  the  dlital  necloralyi  with  the  canal  (through  which  the 
briitle  a  it  paved),  which  ii  tisTened  by  the  hydniionia  in  A.  C, 
utremity  of  the  diital  neclDcalyx,  with  in  mutcular  veluiD. 

arms,  the  free  margina  ot  which  bear  the  oral  pores,  and 
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which  are  traTened  bj  canals  which  unite,  paaa  through  the 
piUm,  and  open  into  the  oentral  cavitj  of  the  nmbreUa.* 


fir  33.— A,  B,  Diphjioold  rfjpbiKwia),  laUnl  ud  fVont  vlewi.  C, 
DiphTiooid  of  .Abyla  {CulKHday.  a,  c,  BODophore  or  T^roductive 
orpu) ;  A,  bydramb  ;  c,  phylloejit  or  ea^Iy  OT  hydrophy tliuin,  with 
lit  proceu  (_•!),    D,  frte  gonopbore,  iu  monabrjuni  (u)  conUining 


*  The  «peel«  of  Ceplua  tbe 
aHtom*  of  which  it  hare  gfvea. 
m  obuined  In  tbe  Sonth  Pacific 
near  tbe  Louiiiade  Arcblpeluo, 
«  iha  lllh  of  Julj,  1S49.  The 
tbomi  warlkce  of  tbe  umbrella 
■H  of  ■  browntih-gre;  colour, 
nriefstod  with  oTml  whiM  tpoti : 
lit  oral  onHacc,  light  brown  with 
«^  blnlah-green  line*  ndla- 
ting  lowanl*  tba  litbocjM*:  th« 


l>rmchia  grey  with  brown  dots. 
The  braohla  divide  into  two  at 
tbeir  origin,  and  then  tubdiride 
into  an  laflaitjof  imall  branchei. 
The  general  colour  of  tbe  amaller 
branches  a  light  brown,  the 
■mall  intenpened  clavat*  teD- 
tu;Ia  being  white.  Tbe  long 
tontacLca  whloh  terminate  caob 
bracbium,  are  blue  and  ojlin- 
drieal  at  th^  orlglo,  but  become 
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3.  The  SiPHOMOPHORA. — In  this  group  the  hydraeoma  is 
alwBfs  free  and  flexible,  ^e  ectoderm  deTeloping  no  hard. 
chitmooB  exoakeleton,  save  in  the  case  of  the  pnenmato- 
phores  of  some  specie*.  In  most,  the  hjdr&ntha  are  of  equal 
size;  bat  in  Velella  and  Fotpita,  the  hjrdranth  situated  in 
the  centre  of  the  discoidal  bodjr  is  Terj  much  larger  than 
the  rest,  which  occap^  »  circumferentLBl  zone  around  it ; 

fig.  2*. 


B,  firiiin  above;  C,  If, 

..--r-*  — .  -.  I- ,11- —  ■  -.  — -Mcixt;  c,  nceuliof  the 

tentacles;  if,  hydrophyllik ;  /,  |>Denmatopliore. 

and  the  principal  foiiction  of  which  ia  to  derelope  tbe 
gonophores  from  their  pedicles.  In  these  two  g^enera  the 
tentacula  are  separate  from  the  hydrantha,  and  form  tbe 

ontennoHt  circle  of  appendages. 

The  hydranths  of  the  Sipkcnoplwra  (Fig.  25,  A)  never 
posBess   a    circlet  of  t«Dtacala  ronnd  the   month,  which, 


trigontl  fkirther  on,  where  Ihey  ottTlata  of  Feron  and  Leneur? 
sreabadsdirithbrDiniaDd  itreen.  Tbe  Indlvldiuil  figured  vraa  a 
li  It  Idralleal  with  the  Crphta      young  male. 
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when  expanded,  is  trompetrsliaped.  The  endoderm  of  the 
hjdniith  is  ciliated,  and  yiUiu-like  prominences  project 
into  its  cayitj.  The  interior  of  these  frequently  contains 
ncaokr  spaces  (Fig.  24,  B,  0).  A  Yalytdar  'pjloms' 
iqwrates  the  gastric  from  the  somatic  cavity  in  the 
CahfeffphcridcB.  Long  tentacles,  frequently  provided  with 
miDsteral  series  of  branches,  are  developed,  either  one 
from  the  base  of  each  hydranth,  or,  independently  of 
the  hjdranths,  from  the  ccenosarc. 
In  the  CalyeophoridcB  and  many  PhysopJuyridcR,  complex 

Fig.  25. 


Fig.  ^.—Atharybia  nmacea, — A,  a  hydranth  'with  villi  (a).  B,  one  of 
the  villi  in  its  elongated  state,  enlarged.  C,  a  small  retracted  villus, 
still  more  magnified,  with  its  vacuolar  spaces  and  ciliated  surface. 

organs,  containing  a  sort  of  battery  of  thread  cells,  terminate 
^»ch  lateral  branch  of  a  tentacle  (Figs.  24  and  26).  Each 
consists  of  an  elongated  sacculus,  terminated  by  two  fila- 
mentous appendages,  and  capable  of  being  spirally  coiled 
Qp.  In  this  state  it  is  invested  by  an  involucrum,  which  sur- 
roimds  its  base.  The  somatic  cavity  is  continued  through 
the  branch,  which  constitutes  the  peduncle  of  this  organ,  into 
the  saccnlns  and  its  terminal  filaments.  In  the  latter,  it  is 
narrow,  and   their  thick  walls  contain  numerous   small 
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epherical  uematoc^ts.  In  th«  aaocnlus,  ike  cavity  is  iridei 
One  wall  is  very  thick,  and  mnltitndee  of  elongated  nenu 
toojste,  the  lateral  eeriea  of  which  are  eometimea  larg* 
than  the  reet,  are  diapoeed  parallel  with  one  another,  an 
perpendionlar  to  the  surface  of  the  sac.    Like  the  othe 

Fig.  IS. 


L 


Fig.  ii.—Alioiybia  roucni.— The  endl  of  the  toituulu  bnnohea  In 
VArloui  0t»gH  of  def  eLopmeiil.  A,  laleraL  bmich,  onmmenciTi^  afl 
a,  bad  (nnn  the  teatecle.  In  B,  (erminil  upills,  Che  rudlmcms 
of  the  flUmeulB,  &re  developed  »t  the  eitremit;  ol  the  braoch ;  and, 
in  C,  the  sftccalm  is  begianing  Ut  ha  marked  off,  and  thread  ceJJ? 
have  appeared  In  Ita  wiUli;  in  D,  the  divlatan  Intu  ioToluenun  and 
•Kculua  1b  apparent ;  in  £,  the  inToluorum  haa  iaveated  the  MMCulut. 
the  eiUemity  of  which  il  Itraight,  while  the  lat — ' ' 


organs,  each  of  these  tentacular  ^pendagee  commences  as 
a  Bimple  diTerticnlnm  of  the  ectoderm  and  tmdoderm,  and 
paasefl  through  the  stages  represented  in  Fig.  26. 

In  Pkygalia  the  tentacula  may  be  serenil  feet  long.  Thejr 
have  no  lateral  branches,  but  the  large  nematocyata  an 
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siiaated  in  transverae  leniform  thickenings  of  the  wall  of 
tlie  tentacle,  which  occur  at  regolar  intervals. 

Hjdrophjllia  aregeneralljpresent,  and,  like  the  tentacnla, 
are  dereloped  either  from  the  pedicle  of  a  hjdranth,  in 
vhich  case  they  enclose  the  hjdranth  with  its  tentacle  and 
a  ^ronp  of  gonophores  {Calycophoridoe),  or,  independently 
of  the  hjdranths,  from  the  coenosarc  (many  PhysophoridcB). 

The  hydroph jUia  are  transparent,  and  often  present  very 
beantifidly  defined  forms,  so  that  they  resemhle  pieces  of 
cat  glass.  They  are  composed  chiefly  of  the  ectoderm 
;  and  mesoderm)  bnt  contain  a  prolongation  of  the  endoderm, 
vith  a  corresponding  diverticulum  of  the  somatic  cavity. 
They  are,  in  fact,  developed  as  csscal  processes  of  the  en- 
doderm and  ectoderm ;  but  the  latter,  with  the  mesodermal 
brer,  rapidly  predominates. 

The  gonophores  of  the  Si^honophora  present  every  va- 
riety, from  a  simple  form,  in  which  the  medusoid  remaios  in 
a  state  of  incomplete  development,  to  free  medusoids  of  the 
Gjmnophthalmatous  type.  As  an  example  of  the  former 
condition  the  gonophores  of  Athoryhia  may  be  cited  (Fig. 
-T^ ;  of  the  latter,  the  gonophores  of  Pkysalia,  Porpita,  and 
VeUUa. 

In  Athoryhia,  g^nps  of  gonophores,  together  with  pyri- 
fonn  sacs,  which  resemble  incompletely  developed  hy- 
dranths  {hydroeytis)  (Fig.  27,  A,  a),  are  borne  upon  a  com- 
mon stem,  and  constitute  a  gonohlastiMwm  (Fig.  27,  A).  The 
groups  of  male  and  female  gonophores  (Fig.  27,  A,  h,  c)  are 
borne  upon  separate  branches  of  the  gonoblastidium 
,androphoTe9  and  gynophores).  Each  female  gonophore 
contains  only  a  single  ovum,  which  projects  into  the  cavity 
of  the  imperfectly  differentiated  manubrium,  and  narrowing 
its  cavity  at  different  points  gives  rise  to  the  irregular 
canals  (Fig.  27,  D,  d).  In  the  male  gonophore,  the  necto- 
ealyx  is  more  distinct  from  the  manubrium,  and  its  ex- 
trnnity  has  a  ronnded  aperture  (Fig.  27,  E). 

In  the  Ccdyeophoridcs,  as  in  the  elongated  PhysophoridcB, 
the  development  of  new  hydranths  and  their  appendages, 
which  is  constantly  oocuiring,  takes  place  at  that  end  of  the 
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hjdroaoma,  which  oonetpoudB  to  the  fixed  extremity  of  01 


phom  on  their  common  alem  or  gynoahorv,  showing  the  lacmded 
ovum,  o,  uifl  the  radial  uuitla.  b,  C,D,  female  gooophorea  CDlargad  : 
a,  germinal  veaicle;  6,  viCellui;  c,  ladlal  canal*  of  the  imperfect 
nectoeal]'!  ;  if,  canal*  of  th«  maoubrial  caiitj.    B,  malegonopbore. 

of  the  Hydrophora ;  and,  if  we  consider  this  to  be  the 
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proxunal  end,  new  buds  are  developed  on  the  proximal  side 
of  those  already  formed.  Moreover,  these  buds  are  formed 
on  one  aide  onl j  of  the  hjdroaoma.  Hence  the  appendages 
are  itrictlj  imilateral,  though  they  may  change  their  position 
80  ag  eyentoally  to  appear  bilateral  or  even  whorled.  In 
the  Cahfcoph4trid4B,  the  saccular  proximal  end  of  the  coenosarc 
<  Hg.  ^  A,  (i)  is  enclosed  within  the  anterior  nectocalyx, 
at  the  posterior  end  of  which  is  a  chamber,  the  hydrcecium 
:Fig.22,  A,  c).  Thesecond,  or  posterior,  nectocalyxis  attached 
in  such  a  way  that  its  anterior  end  is  enclosed  within  the 
hjdroBcinm  of  the  anterior  nectocalyx,  while  its  contractile 
chamber  lies  on  the  opposite  side  of  the  axis  to  that  on 
vhieh  the  anterior  nectocalyx  is  placed  (Fig.  22,  A).  Sets 
of  appendages  (Fig.  22,  A,  a ;  Fig.  23),  each  consisting  of  a 
hjdiophyUium,  a  hydranth  with  its  tentacle,  and  gonophores, 
whieh  last  bud  out  from  the  pedicle  of  the  hydranth — are 
devdoped  at  regular  intervals  on  the  coBnosarc,  and  the 
long  chain  trails  behind  as  the  animal  swims  with  a 
darting  motion,  caused  by  the  simultaneous  rhythmical 
eontnction  of  its  nectocalyces,  through  the  water  (Fig.  22). 

From  what  has  been  said,  it  follows  that  the  distal  set  of 
appendages  is  the  oldest,  and,  as  they  attain  their  full  de- 
velopment, each  set  becomes  detached,  as  a  free  swimming 
complex  Diphyaooid  (Fig.  23).  In  this  condition  they  gprow 
and  alter  their  form  and  size  so  much,  that  they  were 
formerly  regarded  as  distinct  genera  of  what  were  termed 
monogastric  JHphydoB,  The  gonophores,  with  which  these 
are  provided,  in  their  turn  become  detached,  increase  in 
fiize,  become  modified  in  form,  and  are  set  free  as  a  third 
aeries  of  independent  zooids  (Fig.  23,  D).  But  their  manu- 
brium does  not  develop  a  mouth  and  become  a  functional 
hydranth;  on  the  contrary,  the  generative  elements  are 
developed  in  its  wall,  and  are  set  free  by  its  dehiscence. 

In  the  PhyBopharidcRf  the  proximal  end  of  the  hydrosoma 
ia  provided  with  a  pneumatophore.  This  is  a  dilatation, 
into  which  the  ectoderm  is  invaginated,  so  as  to  form  a  recep- 
tacle, which  becomes  filled  with  air  and  sometimes  has  a 
terminal  opening,  through  which  the  air  can  be  expelled 
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(^g.  13,  4).  It  is  sometimeB  small,  relativelj  to  tlie  hjdro- 
somA  {AgcUma,  Physophora),  sometinies  so  large  {Athoryhiaf 
(Fig.  24),  Physaliay  PorpUa,  Velella),  that  the  whole  hjdro- 
Boma  becomes  the  myestment  of  the  pyrif orm  or  disooidal 
air- sac ;  while  the  latter  is  sometimes  converted  into  a  sort 
of  hard  inner  shell,  its  cavitj  being  subdivided  by  septa 
into  nnmerons  chambers  {Porpitfi,  VeleUa). 

Nectocaljcee  maj  be  present  or  absent  in  the  Physo- 
phoridcB.  When  present,  their  number  varies,  but  they  are 
confined  to  the  region  of  the  hydrosoma  which  lies  nearest 
to  the  pneumatophore. 

In  the  great  majority  of  the  Bydraaoa,  the  ovum  under- 
goes cleavage  and  conversion  into  a  morula,  and  sub- 
sequently into  a  planula,  possessing  a  central  cavity  en- 
closed in  a  double  cellular  wall,  the  inner  layer  of  which 
constitutes  the  hypoblast,  and  the  outer  the  epiblast. 

In  most  Hydrophora  the  ciliated,  locomotive,  planula  be- 
comes elongated  and  fixed  by  its  aboral  pole.  At  the  oppo- 
site end,  the  mouth  appears  and  the  embryo  passes  into  the 
gastrula  stage.  Tentacles  next  bud  out  round  the  mouth, 
and  to  this  larval  condition,  common  to  all  the  Hydraphora, 
Allman  has  given  the  name  of  Actinula. 

Generally,  the  embryo  fixes  itself  by  its  aboral  extremit  j 
at  the  end  of  the  planula  stage;  but,  in  certain  TuhutaricUBf 
while  the  embryo  is  still  fi-ee,  a  circlet  of  tentacles  is 
developed  close  to  the  aboral  end ;  and  this  form  of  larva 
differs  but  very  slightly  from  that  which  is  observed  in 
the  Ditcophora. 

In  the  genus  Pelagia,  for  example,  the  tentacles  are 
developed  from  the  circumference  of  the  embryo,  midway 
between  the  oral  and  aboral  poles;  but  it  neither  fixes 
itself  nor  elongates  into  the  ordinary  actinula-form.  On 
the  contrary,  it  remains  a  free-swimming  organism,  and, 
by  degrees,  that  moiety  of  the  body  which  lies  on  the 
aboral  side  of  the  tentacular  circlet  widens  and  is  converted 
into  the  umbrella,  the  other  moiety  becoming  the  hydranth, 
or  ''  stomach,"  of  the  Medusa. 


THE  BBYELOPMENT  OF  THE  HYDBOZOA.     147 

In  Lueemaria,  it  is  probable  that  tbe  larva  fixes  itself  be- 
fore or  during  the  development  of  the  umbrella,  and  passes 
directlj  into  the  adnlt  condition.  But,  in  most  Discophora, 
the  embryo  becomes  a  fixed  actinula  (the  so-called  Hydra 
Ma  ijer  Sciff^hieiamay  Fig.  28, 1.)  multiplies  agamogeneticaJly 
bjbadding,  and  gives  rise  to  pennanent  colonies  of  Hjdri- 
form  polypes.  At  certain  seasons  of  the  year,  some  of  these 
enhKfge  and  undergo  a  further  agamogenetic  multiplication 
by  fission  (Pig.  28,  II.).  In  fact,  each  divides  transversely 
into  a  number  of  eight-lobed  discoidal  medusoids  ("  Ephyrm  " 
or  "  Medu8CB  hifdce"  Fig.  28,  II.  and  III.),  and  thus  passes 
into  what  has  been  termed  the  Strobila  stage.  The  Ephyrce 
becoming  detached  from  one  another  and  from  the  stalk  of 
the  Sirohila,  are  set  free,  and,  undergoing  a  great  increase 
in  sise,  take  on  the  form  of  the  adult  Discophore,  and 
acquire  reproductive  organs.  The  base  of  the  Sirohila  may 
develope  tentacles,  (Fig.  28, 11.)  and  resume  the  Scyphistoma 
condition. 

Metschnikoff  *  has  recently  traced  out  the  development 
of  Gneryonta  {Carmarvnd),  Polywenia,  JEginopsU,  and  other 
Discophora,  which  differ  from  the  foregoing  in  possessing 
a  velum;  and  in  these,  as  in  the  Ihrachynema  cUiaivmi, 
observed  by  6egeDbaur,t  the  process  appears  to  be  of 
essentially  the  same  nature  as  in  Felagia,  The  Scypkistoma 
ot  AureUa,  Cyanoea  and  their  allies  is  probably  to  be  re- 
garded, like  the  larva  of  Pelagia,  as  a  Discophore  with  a  rudi- 
mentaiy  disk ;  in  which  case,  the  production  of  the  Sphyra- 
forma  of  young  Diaeophara  will  not  be  comparable  to  the 
development  of  medusoid  gonophores  among  the  Hydro- 
phorOt  but  will  merely  be  a  process  of  multiplication,  by 
transverse  fission,  of  a  true,  though  undeveloped,  Discophore. 

In  the  8iphoncphora,X  the  result  of  yelk  division  is  the 
formation  of  a  ciliated  body  consisting  of  a  small-celled 
ectoderm  investing  a  solid  mass  of  large  blastomeres,  which 

*  **8tiidleii  fiber  die  Entwicke-      wechseV  1854. 
toBg  dcrMcdtiMO  nnd  Siphono-         X  ^®  especiallj  the  late  ob- 
pfaoreo."    (« Zeiteehrift  f&r  Wiat.      servations  of  MetBchnikoff,  loc. 
2^V  xxiv.)  at. 

t  *Zar  Lehre  der  Genesalioiie- 

L  2 
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Fil.  aa._Fi)ia.  I.  and  U.—  Cfanaa  capillMiL  (after  Vu)  Benedcn.*) 
1.  Twn   i/j^RE  tufto  (.«c)jiAiMona  Btue),  exhiblllng  tbeir  onJinaiy 

ch>ne>en,sn[l  betwMU  Ihem  two  (a,i,)  vhlob  we  oiidergoing  fiasioD 

(Birobilii  stage).  

*  '  Bacberch**  Mr  la  Fanne  Uttorala  dc  Balgliiua.    FolypM.*    1866. 
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II.  Hie  two  Serofrite,  a  and  6,  three  days  later.  In  a,  testacies  are 
developed,  beneath  the  lowest  of  the  ISphyrce,  from  the  stalk  of  the 
Strobiioj  which  will  persist  as  a  Hydra  tuba. 

ni.  Half  the  disk  of  an  Ephfra  of  Aurelia  cnurita,  seen  from  the  oral 
fiw^  The  small  tentacles  which  lie  between  the  mouth  and  the 
band  of  eircalar  muscular  fibres  are  inside  the  somatic  cavity, 
whence  sixteen  short  and  wide  radial  canals  extend  to  the  periphery, 
▼here  they  are  united  by  transverse  branches.  Eight  of  the  radial 
canals  eater  the  corresponding  lobes,  and  finally  divide  into  three 
branches ;  one  which  enters  the  peduncle  of  the  iithocyst,  and  two 
lateral  eseca.    Radiating  bands  of  muscular  fibres  accompany  these 


IT.  Side  view  of  one  of  the  lithocysts  with  its  peduncle.    The  arrow 
lodiiftes  the  direction  in  which  the  cilia  of  the  exterior  worlc. 

eTentually  pass  into  the  cells  of  tlie  endoderm.  This  body 
does  not  take  the  form  of  an  actinnla.  On  the  contraxj, 
it  appears  to  be  the  rule  that  buds  from  which  a  hydro- 
pbylliam,  a  nectocalyx,  a  tentacle,  or  pnenmatophore,  or 
even  aD  of  them,  will  be  developed,  take  their  origin  ante- 
cedently to  the  formation  of  the  first  polypite  and  of  the 
gastric  cavity. 

As  Metschnikoff  well  remarks,  the  mode  of  development 
of  the  Siphonophora  is  wholly  inconsistent  with  the  doctrine 
that  the  various  appendages  of  the  hydrosoma  in  these 
animals  represent  individuals.  The  Hydrozoa  are  not  pro- 
perly compoxmd  organisms,  if  this  phrase  implies  a  coales* 
cence  of  separate  individualities ;  but  they  are  organisms, 
the  organs  of  which  tend  more  or  less  completely  to  become 
independent  existences,  or  zooids.  A  medusoid,  though  it 
feeds  and  maintains  itself,  is,  in  a  morphological  sense, 
simply  the  detached  independent  generative  organ  of  the 
hydrosoma  on  which  it  was  developed ;  and  what  is  termed 
the  **  alternation  of  generations,"  in  these  and  like  cases,  is 
the  result  of  the  dissociation  of  those  parts  of  the  organism 
on  which  the  generative  function  devolves,  from  the  rest.* 

In  certain  Diseophora  belonging  to  the  group  of  Trachy^ 
nemata,  a  method  of  multiplication  by  gemmation  has  been 

*  I  have  seen    no    reason  to  tore  published  in  the  *  Annals  and 

depart   from    the    opinions    on  Magazineof  Natural  History '  for 

the  sobjcet  of  ''Animal  indivi*  June  18o2. 
dulity"  enunciated  in  my  leo- 
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obsexred,  which  is  unknown  among  the  oiher  Hydrozoa. 
It  may  be  termed  entogaslric  gemmation,  the  bud  growing 
out  from  the  wall  of  the  gastric  cavity,  into  which  it  even- 
toallj  passes  on  its  way  outwards;  while,  in  all  other 
cases,  gemmation  takes  place  by  the  formation  of  a  diver- 
ticulum of  the  whole  wall  of  the  gastro-vascular  cavity, 
which  projects  on  to  the  free  surface  of  the  body,  and  is 
detached  thence  (if  it  become  detached),  at  once,  into  the 
circumjacent  water.  The  details  of  this  process  of  entogastric 
gemmation  have  been  traced  by  Haeckel*  in  Carmarina 
hcuicUa,  one  of  the  OeryanidoB,  As  in  other  members  of 
that  family,  a  conical  process  of  the  mesoderm,  covered  by 
the  endoderm,  projects  from  the  roof  of  the  gastric  cavity 
and  hangs  freely  down  into  its  interior.  Upon  the  surface 
of  this,  minute  elevations  of  y^th  of  an  inch  in  diameter 
make  their  appearance.  The  cells  of  which  these  outgrowths 
are  composed  next  become  differentiated  into  two  layers — 
an  external  clear  and  transparent  layer,  which  is  in  contact 
with  the  cone,  and  invests  the  sides  of  the  elevation ;  and 
an  inner  darker  mass.  The  external  layer  is  the  ectoderm 
of  the  young  medusoid,  the  inner  its  endoderm.  A  cavity, 
which  is  the  commencement  of  the  gastric  cavity,  api>ears 
in  the  endodermal  mass,  and  opens  outwards  on  the  free 
side  of  the  bud.  The  latter,  now  ^57^^  o^  ^^  uich  in  dia- 
meter, has  assumed  the  form  of  a  plano-convex  disk,  fixed 
by  its  flat  side  to  the  cone,  and  having  the  oral  aperture  in 
the  centre  of  its  convex  free  side.  The  disk  next  increasing 
in  height,  the  body  acquires  the  form  of  a  flask  with  a 
wide  neck.  The  bdiy  of  the  flask  is  the  commencement  of 
the  umbrella  of  the  budding  medusoid ;  the  neck  is  its  gas- 
tric division.  The  belly  of  the  flask,  in  fact,  continues  to 
widen  out  until  it  has  the  form  of  a  flat  cup,  from  the  centre 
of  which  the  relatively  small  gastric  neck  projects,  and  the 
bud  is  converted  into  an  unmistakable  medusoid,  attached 
to  the  cone  by  the  centre  of  the  abond  face  of  its  umbrella. 
In  the  meanwhile,  the  gelatinous  transparent  mesoderm  has 
appeared,  and,  in  the  umbrella,  has  acquired  a  gi*eat  rela- 
*  *  Beitrii^e  zar  ^'atu^ge8chichte  der  B  jdromcdasen,'  1865. 


WOmiL  HTDBOZOA.  151 

tiTeihick]ie8&  Into  tbia,  eight  prolongatioiis  of  tbe  g^tric 
cavit/  fflrtcnd,  and  give  rise  to  the  radial  canals,  which 
beoema  united  into  a  circular  canal  at  the  circumference 
of  the  diak.  The  velam,  tentacnla,  and  Uthoc jsts  are 
^eloped,  and  the  bud  becomes  detached  as  a  free  swim- 
ming  mednaoid.  But  this  medusoid  is  very  different  from 
the  Carmmnma  from  which  it  has  budded.  For  example,  it 
bis  eight  radial  canals,  while  the  Carmarina  has  only  six ; 
it  has  solid  tentacles,  while  the  adnlt  Carmarina  has  tubular 
tentades ;  it  has  no  gastric  cone,  and  has  differently  dis- 
posed lithoeysta.  Haeckel,  in  fact,  identifies  it  with  Cunina 
rMoiaeh/laj  a  form  which  had  hitherto  been  considered 
to  be  not  only  spedfioally  and  generically  different  from 
CsrsMrMo,  bnt  to  be  a  member  of  a  distinct  family — ^that 
of  the  JBffinidcB. 

What  makes  this  process  of  asexual  multipHcatioa  more 
remarkable  is,  that  it  takes  place  in  CairmariwB  which  hare 
already  attained  sexual  maturity,  and  in  males  as  well  as  in 
females. 

There  is  reason  to  believe  that  a  similar  process  of  ento- 
gistric  proliferation  occurs  in  several  other  species  of 
^Spnida, — JBgineta  proUfera  (G^enbaur),  HtMrytioma  ntbu 
giwmm  (KolUker),  and  OwUna  KdlUkeri  (F.  Muller) ;  but, 
in  all  these  cases,  the  medusoids  which  result  from  the 
gonmatire  process  closely  resemble  the  stock  from  which 
thej  are  produced. 

As  might  be  expected,  the  Hydroaoa  are  extremely  rare 
in  the  fossil  state,  and  prol»ably  the  last  animal  the  dis- 
corerj  of  fossil  remains  of  which  could  be  anticipated,  is 
a  jelly-fish.  Nevertheless,  some  impressions  of  Medusee,  in 
the  Solenhof  en  slates,  are  sufficiently  well  preserved  to 
allow  of  their  determination  as  members  of  the  group  of 
^^WidcmidiB,*  The  apparent  absence  of  the  remains  of 
Sifdrophara  in  the  mesozoio  and  newer  palseozoic  rocks,  is 
very  remarkable.     Some  singular  organisms,  termed  Qrap' 

**HMekel,  <<  Ueber  sweinene  fossile  Medusen  aus  der  Faroillc  der 
Kiiixoitomideii."     0  Jahrbuch  liir  Mineralogie/  1866.) 
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iolUes,  wHicli  abound  in  tHe  Silurian  rocks,  may  possibljr 
be  SydratocLj  though  thej  present  points  of  resemblance 
with  the  Polytaa,  They  are  simple  or  branched  stems, 
sometimes  slender,  sometimes  expanded  orfoUaceous;  occa- 
sionallj  the  branches  are  connected  at. their  origin  by  a 
membranous  expansion.  The  stems  are  tubular,  and  beset 
on  one  or  both  sides  with  minute  cup-shaped  prolongations, 
like  the  thecee  of  a  Sertularian.  A  solid  thickening  of  the 
skeleton  may  have  the  appearance  of  an  independent  axis. 
Allman  has  suggested  that  the  theciform  projections  of 
the  Graptolite  stem  may  correspond  with  the  nematophores 
of  Sertularians,  and  that  the  branches  may  have  been 
terminated  by  hydranths.  Appendages  which  appear  to 
be  analogous  to  the  gonophores  of  the  Jffydrophora,  have 
been  described  in  some  Graptolites.* 

With  a  yeiy  few  exceptions  {Hydra,  Cordylophora,)  the 
Hydrotoa  are  marine  animals ;  and  a  considerable  number, 
like  the  CcdyeophoridcB  and  PhysophoridcB,  are  entirely 
pelagic  in  their  habits. 

The  AcTivozoA. — ^The  essential  distinctions  between  the 
ActmoKoa  and  the  Sydrozoa  are  two.  In  the  first  place, 
the  oral  aperture  of  an  Actinozoon  leads  into  a  sac,  which, 
without  prejudice  to  the  question  of  its  exact  function, 
may  be  termed  "  gastric,"  and  which  is  not,  like  the  hy- 
dranth  of  the  Hydrozoon,  free  and  projecting,  but  is  sunk 
within  the  body.  From  the  walls  of  the  latter,  it  Lb  separated 
by  a  cavity,  the  sides  of  which  are  divided  by  partitions, 
the  meaevUeries,  which  radiate  from  the  wall  of  the  gastric 
sac  to  that  of  the  body,  and  divide  the  somatic  cavity  into 
a  corresponding  number  of  intermegenterie  ehambere.  As 
the  gastric  sac  is  open  at  its  inner  end,  however,  its  cavity 
is  in  free  communication  with  that  of  the  central  space 
which  communicates  with  the  intermesenteric  chambers; 
and  the  central  space,  together  with  the  chambers,  which 

*  Hall:    'GraptoUtes    of  the      of    the    British    GraptoUtiUe,' 
Quebec  Series  of  North  America,'       1872. 
1865.     Nicholson:   *  Monograph 
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are  offcen  oollectiTeiy  termed  the  "  body  cavity  "  or  "  peri- 
Tisoetal  cavity,"  are,  in  reality,  one  with  the  digestive  cavity, 
and,  as  in  the  Hydrozoa,  constitute  an  enterocceUe,  Thns  an 
Actinozoon  might  be  compared  to  a  Lucemaria,  or  still  better 
to  a  CardueOa,  in  which  the  outer  face  of  the  hydranth 
18  nmied  with  the  inner  face  of  the  umbrella;  under  these 
drcomstances  the  canals  of  the  umbrella  in  the  Hydro- 
zoon  would  answer  to  the  intermes^iteric  chambers  in  the 
AetiiioKoon. 

Seoofndly,  in  the  AeHnotoa,  the  reproductive  elements  are 
developed  in  the  walls  of  the  chambers  or  canals  of  the 
enterooGsle,  just  as  they  so  commonly  are  in  the  walls  of  the 
gastro-vascular  canals  of  the  Sydro%oa,  but  the  generative 
organs  thus  constituted  do  not  project  outwardly,  nor  dis- 
charge their  contents  directly  outwards.  On  the  contrary, 
the  ova  and  spermatozoa  are  shed  into  the  enteroc<Ble,  and 
erenfeaally  make  their  way  out  by  the  mouth.  In  this  re- 
Bpect,  again,  the  Actinozoon  is  comparable  to  a  iMcemaria 
modified  by  the  union  of  the  hydranth  with  the  ventral  face 
of  the  ombreUa ;  under  which  circumstances  the  reproduc- 
tive elements,  which,  in  all  Hydrozoay  are  developed,  either 
in  the  walls  of  the  hydranth  or  in  those  of  the  oral  face 
of  the  umbrella,  would  be  precluded  from  making  their 
edt  by  any  other  route  than  through  the  gastro- vascular 
canals  and  the  mouth. 

In  the  fundamental  composition  of  the  body  of  an  ecto- 
derm and  endoderm,  with  a  more  or  less  largely  developed 
mesoderm,  and  in  the  abundance  of  thread-cells,  the  Acti- 
noMoa  agree  with  the  Sydrowa. 

in  most  of  the  Actinozoa^  the  single  polype,  into  which  the 
embryo  is  converted,  gives  rise  by  budding  to  many  zooids 
which  form  a  coherent  whole,  termed  by  Lacaze-Duthiers, 
a  scNMilftiMianM. 

The  CoBALiiiOBifA.— The  Actinozoa  comprehend  two 
groups — ^the  CcraUigena  .and  the  Ctenophora, — ^which  are 
widely  different  in  appearance,  though  fundamentally  similar 
in  structure.  In  the  former,  the  mouth  is  always  surrounded 
by  one  or  more  circlets  of  tentacles,  which  may  be  slender 
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and  conical,  or  short,  broad  ajid  fimbriated.  The  month  is 
osnallj  elongated  in  one  direction,  and,  at  the  extremities  of 
the  long  diameter,  presents  folds  which  are  continued  into 
the  gastric  cavity.  The  arrangement  of  the  parts  of  the 
body  is  therefore  not  so  completely  radiate  as  it  appears  to 
be.  The  enterocodle  is  divided  into  six,  eight,  or  more,  wide 
intermesenteric  chambers,  which  communicate  with  the 
cavities  of  the  tentacles,  and  sometimes,  directly  with  the 
exterior,  by  apertures  in  the  parietes  of  the  body.  The 
mesenteries  which  separate  these  wide  idiambers  are  thin 

Fig.  29. 


Fiff.  29. — Perpendicular  seotion  of  Actinia  hohaUea  (after  Frey  and 
Leuclurt).— (7,  mouth;  6,  gABtrie  cavity;  c,  oommoa  cavity,  into 
which  the  gastric  cavity  ana  tt<e  intermesenteric  chambers  open  ;  </, 
intermesenteric  chambers;  e,  thiclcened  free  margin,  containini^ 
thread-cells  of,/,  a  mesentery ;  ^,  reproductive  organ ;  /t,  tentacle. 

and  membranous.     Two  of  them,  at  opposite  ends  of    a 

transverse  diameter  of  the  Actinozoon,  are  often  different 

from  the  rest.    Each  mesentery  ends,  at  its  aboral    ex- 

ti'emity,  in  a  free  edge,  often  provided  with  a  thickened  axid 

folded  margin ;  and  these  free  edges  look  towards  the  centre 

of  an  axial  cavity,*  into  which  the  gastric  sac  and  all  the 

intermesenteric  chambers  open. 

In  the  CoraUigena,  the  outer  wall  of  the  body  is  not  pro- 

*  Partially  digested  substances  that  it  may  functionally  represent 
are  often  found  in  this  axial  the  stomach  or  the  com inencemcnt 
Space,  and  it  it  not  improbable      of  the  intestine  in  higher  animals. 
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▼ided  with  bands  of  large  paddle-like  cilia.  Most  of  them 
are  fixed  temporarily  or  permanently,  and  many  give  rise 
bj  gemmation  to  turf-^ke,  or  arborescent,  zoanthodemes. 
The  great  majority  possess  a  hard  skeleton,  composed  prin- 
cipally of  carbonate  of  lime,  which  may  be  deposited  in  per- 
numently  disconnected  spicnla  in  the  walls  of  the  body ;  or 
tlie  spicnla  may  ran  into  one  another,  and  form  solid  net- 
works, or  dense  plates,  of  calcareous  matter.  When  the 
latter  is  the  case,  the  calcareous  deposit  may  invade  the 
base  snd  lateral  walls  of  the  body  of  the  Actinozoon,  thus 
giring  rise  to  a  simple  cup,  or  theea.  The  skeleton  thns 
formed,  freed  of  its  soft  parts,  is  a  "  cup-coral«"  and  receives 
the  name  of  a  eorcUUte, 

In  a  zoanthodeme,  the  yarions  polypes  {anthazooida), 
formed  by  gemmation  may  be  distinct^  or  their  sereral 
enteroccdes  may  communicate;  in  which  last  case,  the 
common  connecting  mass  of  the  body,  or  ccenosarc,  may  be 
trsrened  by  a  regular  system  of  canals.  And,  when  such 
eompoond  Actinaaoa  develox>e  skeletons,  the  corallites  may 
be  distinct,  and  connected  only  by  a  substance  formed 
^  the  calcification  of  the  ooenoearc  which  is  termed 
C9»mehfma;  or  the  thece  maybe  imperfectly  developed, 
and  the  septa  of  a^jscent  corallites  run  into  one  another. 
There  are  cases,  again,  in  which  the  oaksaveous  deposit  in 
the  sereral  polypes  of  a  ^ooapound  Actinozoon,  and  in  the 
Ktperficial  parts  of  the  coenenchyma,  remains  loose  and  spicu- 
2ar,  while  the  axial  portion  of  the  ccenosarc  is  converted  into 
a  dense  chitinous  or  calcified  mass — ^the  so-called  aderohase. 
The  mesoderm  contains  abundantly  developed  muscular- 
filires.  The  question  whether  the  CorMigena  possess  a 
i^enroQs  system  and  organs  of  sense,  hardly  admits  of  a 
definite  answer  at  present.  It  is  only  in  the  AcHnicUB 
that  the  existence  of  such  organs  has  been  asserted ;  and 
the  nervous  circlet  of  AcUnia,  described  by  Spix,  has  been 
Been  by  no  later  investigator,  and  may  be  safely  assumed 
to  be  non-ezijsient.    Professor  P.  M.  Duncan,  P.B.S.,*  how- 

*  '  CM  the  Nervous  System  of  Aclinis.'    (Proceedings  of  the  Royal 
Society,  October  9,  1873.) 
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ever,  Has  recently  described  a  nervous  apparatus,  consist* 
ing  of  fusiform  ganglionic  cells,  united  by  nerve  fibres, 
which  resemble  the  sympathetic  nerve  fibrils  of  the  Verte- 
hrata,  and  form  a  plexus,  which  appears  to  extend  through- 
out the  pedal  disk,  and  very  probably  into  other  parts  of 
the  body.  In  some  of  the  ActinidcB  (e.g.,  Actinia  mesemhry- 
antkemum),  brightly  coloured  bead-like  bodies  are  situated 
in  the  oral  disk  outside  the  tentacles.  The  structure  of 
these  '*  chromatophores,"  or  *'  bourses  calicinales,"  has  been 
carefully  investigated  by  Schneider  and  Botteken,  and  by 
Professor  Duncan.  They  are  diverticula  of  the  body  wall, 
the  surface  of  which  is  composed  of  dose-set  "bacilli," 
beneath  which  lies  a  layer  of  strongly-refracting  spherules, 
followed  by  another  layer  of  no  less  strongly-refractiiig^ 
cones.  Subjacent  to  these.  Professor  Duncan  finds  ganglion 
cells  and  nerve  plexuses.  It  would  seem,  therefore,  that 
these  bodies  are  rudimentary  eyes. 

The  sexes  are  united  or  distinct,  and  the  ovum  is  ordi- 
narily, if  not  always,  provided  with  a  vitelline  membrane. 
The  impregnated  ovum  gives  rise  to  a  ciliated  morula,  which 
may  either  be  discharged  or  undergo  further  development 
wiUiin  the  somatic  cavity  of  the  parent.  The  morula  be- 
comes a  gastrula,  but  whether  by  true  invagination  or  by 
delamination,  as  in  most  of  the  Hydronoa,  is  not  quite  clear. 
The  gastrula  usually  fixes  itself  by  its  closed  end,  while 
tentacles  are  developed  from  its  oral  end.  It  can  hardly  be 
doubted  that  the  intermesenteric  chambers  are  diverticola 
of  the  primitive  enterocoole;  but  the  exact  mode  of  their 
origin  needs  further  elucidation. 

Lacaze-Duthiers  *  has  recently  thrown  a  new  light  upon 
the  development  of  the  CoraUigena,  and  particularly  of  the 
Actinia  {AeHnia,  Sagartia,  Bwnodes),  These  animals  ai-e 
generally  hermaphrodite,  testes  and  ovaria  being  usually 
found  in  the  same  animal,  and  even  in  the  same  mesenteries ; 
but  it  may  happen  that  the  organs  of  one  or  the  other  sex 
are,  at  any  given  time,  exclusively  developed.    The   ova 

*  '*  Developpement  des  CoralliaircB."    (*  Archives  dc  Zoulogie  ex> 
perimenUle,'  1S72.) 
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undergo  the  early  stages  of  th^r  derelopment  within  the 
bodj  of  the  parent.  The  process  of  jelk  division  was  not 
obserred,  and  in  the  earliest  condition  described  the  embryo 
IBS  an  oval  plannla-like  body,  composed  of  an  inner 
oolonred  sabstance  and  an  outer  colourless  layer.  The 
outer  layer  (epiblast = ectoderm)  soon  becomes  ciliated.  An 
oral  depression  appears  at  one  end,  and  becomes  the  month  * 
aad  gaBtrie  sac,  while,  at  the  opposite  extremity,  the  cilia 
ebngate  into  a  tuft.  The  ectoderm  extends  into  and 
Hoes  the  gastric  sac,  while  the  interior  of  the  coloured 
liTpobkst  becomes  excavated  by  a  cavity,  the  enterocoole, 
vhich  oommonicates  with  the  gastric  sac.  In  this  con- 
dition the  embryo  swims  about  with  its  oral  pole  directed 
Wekwaids. 

The  oral  aperture  changes  its  form  and  becomes  elongated 
in  one  direction,  which  may  be  termed  the  oral  axis.  The 
iDesenteries  are  paired  processes  of  the  transparent  outer 
lajer  (probably  of  that  part  which  constitutes  the  meso« 
derm)  which  mark  off  corresponding  segments  of  the 
eaterooode.  The  first  which  make  their  appearance  are 
directed  nearly  at  right  angles  to  the  oral  axis  near,  but  not 
nactly  in,  the  centre  of  its  length.  Hence  they  divide  the 
eaterocoBle  into  two  jnrimitive  chambers,  a  smaller  (A)  at 
one  end  of  the  oral  axis,  and  a  larger  (A^  at  the  other. 
This  condition  may  be  represented  by  A  -7-  A' ;  the  dots 
indicating  the  position  of  the  primitive  mesenteries,  and 
the  hyphen  that  of  the  oral  axis.  It  is  interesting  to 
remark  that,  in  this  state,  the  embryo  is  a  bilaterally 
BTmmetrical  cylindrical  body,  with  a  central  canal,  the 
future  gastric  sac;  and,  communicating  therewith,  a  bilobed 
^nteroccele,  which  separates  the  central  canal  from  the 
body  walL    In  fact,  in  principle,  it  resembles  the  early 


*  KowalewBky  describei  the 
fionntioo  of  a  gastrvla  by  inrw- 
gitttion  in  a  spfcies  of  Actinia 
*^  in  CertantkmMj  the  aperture 
of  invagination  becoming  the 
nooth  (Uofmaan  and  Schwalbe, 
'Jthresberieht,'  Bd.  II.  p.  26i»). 


In  other  species  of  Actimia  and  in 
Aleyoniun^  the  planula  seems  to 
delaminate.  Ordinary  yelk  divi- 
sion occurs  in  some  Anthozoa^ 
while  iu  others  {AleytmiMm)  the 
procew  rather  resembles  that 
which  occara.  in  most  Arthropods. 
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condition  of  the  embryo  of  a  Otenophore,  a  Brachiopod, 
or  a  Sagitta. 

Another  pair  of  mesenteric  processes  now  makes  its 
appearance  in  the  larger  chamber  A',  and  cuts  off  two 
lateral  chambers,  BB,  which  UfA  between  these  secondary 
mesenteries  and  the  primary  ones.    In  this  state  the  en- 

teroccole  or  somatic  cavity  is  four-chambered  f  A-f-  q  A'  Y 

Next  a  third  pair  of  mesenteries  appear  in  the  smaller 
chamber  (A),  and  divide  it  into  three  portions,  one  at 
the  end  of  the  oral  axis  (A),  and  two  lateral  (CC).    In  this 

(C    B      \ 
A  Q-7-^  A'  1 ;  but 

almost  immediately  the  number  is  increased  to  eight, 
by  the  development  of  a  fourth  pair  of  mesenteries  in 
the  chambers  B,  B,  which  thus  give  rise  to  the  chambers 
D,  D,  between  the  primitive  mesenteries  and  themselves. 
The  embryo  remains  in   the   eight-chambered  condition 

(C     D  B      '\ 
A  rit-T^  B^J  ^^^  some  time,  until  all  the  chambers 

and  their  dividing  mesenteries  become  equal.  Then  a  fifth 
and  a  sixth  pair  of  mesenteries  are  formed  in  the  chambers 
0,  G,  and  D,  D ;  two  pairs  of  new  chambers,  E  and  F,  are 
produced,  and  thus  the  Actinia  acquires  twelve  chambers 

(^  0  E"="F  D  B  ^0'  ^^®  ^^  "^^^^  ^^^^^  '"^^  *^®  *^^- 
division  of  the  smaller  primary  chamber,  and  seven  from 
that  of  the  larger  primary  chamber.  The  various  chambers 
now  acquire  equal  dimensions,  and  the  tentacles  begin  to  bud 
out  from  each.  The  appearance  of  the  tentacles,  however, 
is  not  simultaneous.  That  which  proceeds  from  tbe 
chamber  A'  is  earliest  to  appear,  and  for  some  time  is 
largest,  and,  at  first,  eight  of  the  tentacles  are  larger  than 
the  other  four. 

The  coiled  marginal  ends  of  the  mesenteries  appear  at 
first  upon  the  edges  of  the  two  primary  mesenteries ;  then 
upon  the  edge  of  the  f omrth  pair,  and  aftei'wards  upon  those 
of  the  other  pairs. 
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For  the  fniiher  changes  of  the  young  Actinia,  I  mnst  refer 
to  the  work  cited.  Sufficient  has  been  said  to  show  that 
the  development  of  the  AdinifB  follows  a  law  of  bilateral 
symmetrj,  and  to  bring  out  the  important  fact  that,  in 
Ike  course  of  its  deydopment,  the  finally  hezamerous 
Anthozoon  passes  through  a  tetramerous  and  an  octomerous 
stage. 

Phenomena  analogous  to  the  ''alternation  of  genera- 
tions,** which  is  so  common  among  the  Bydroaoa,  are 
unknown  among  the  great  majority  of  the  AcUnozoa.  But 
Semper*  has  recently  described  a  process  of  agamogenesis 
in  two  species  of  FwngitB,  which  he  ranks  under  this  head. 
The  Ftmgi4B  bud  out  from  a  branched  stem,  and  then  be- 
come detached  and  free,  as  is  the  habit  of  the  genus.  To 
make  the  parallel  with  the  production  of  a  medusoid  from 
a  hydroid  i>olype  complete,  however,  the  stem  should  be 
nomished  by  a  sexless  anthozooid  of  a  different  character 
from  the  forms  of  Fu/ngicB  which  are  produced  by  gemma- 
tion.   And  this  does  not  appear  to  be  the  ease. 

In  one  dfriaion  of  the  CJaraUigena — ^the  OdocoraUa — eight 
enterocoele  chambers  are  developed,  and  as  many  tentacles. 
Moreover,  these  tentacles  are  relatively  broad,  flattened, 
and  serrated  at  the  edges,  or  even  pinnatdfid.  The  Acti- 
nozoon  developed  from  the  egg  may  remain  simple  {Haimea, 
Mihie-Edwai^),  but  usually  gives  rise  to  a  zoanthodeme. 

The  OGBnoearc  of  the  zoanthodeme  in  the  OctocoraUa  is 
a  sabstance  of  fleshy  consistence,  which  is  formed  chiefly  of 
a  peculiar  kind  of  connective  tissue,  containing  many  mus- 
cular fibres  developed  in  the  thickened  mesoderm.  The 
axial  cavity  of  each  anthozooid  is  in  communication  with  a 
system  of  large  canala.  In  Aleyanium,  a  single  large  canal 
descends  from  each  anthozooid  into  the  interior  of  the 
zoanthodenne,  and  the  eight  mesenteries  are  continued  as 
80  many  ridges  throughout  its  entire  length,t  so  that  these 
tabes  hare  been  compared  to  the  thecal  canals  of  the  MiUe- 

*  *  Ueber  Generations-WechMl      tribatlon  h  rAnatomie  dM  Alcy- 
beiStetukorailen.'    Leipzig,  1872.       unaires.*'    (*  Journal  d'Anatomie 
t  Poucfaet  sad  My^M,  **  Con-      et  de  la  Fhyfliologie/  1870.) 
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im  rairMi  (after  Lseuc-]>uthlera  *). 

branch  wiOi  A,  B,  C,  thrM  aDthi'iooidi  in  dlfTerent 

•niion ;  i,  the  mouth ;  a,  that  put  i-f  ths  ec 

0  a  cup  around  (he  ban  of  each  anthoaooid. 

<  BUtoin  Nataralle  du  Conii,'  1SS4. 
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n.  PortSoa  of  a  branch,  the  cceiKMaro  of  which  has  been  divided 
loogitodinallj and  partially  removed;  B,  B',  B", anthoaoolds  in  seo- 
tioa;  B^  anthosooid  with  expanded  tentacles;  kj  month;  m,  gastric 
nc;  4  its  inferior  edge;  J^  mesenteries. 

ff,  SBtMiooid  retracted,  with  the  tentacles  (d)  drawn  back  into  the 
intennesenteric  chambers ;  c^  orifices  of  the  cavities  of  the  invagi- 
Mted  tentacles ;  0,  eircum-oral  cavity ;  6,  the  part  of  the  body  which 
fonns  the  projecting  tube  when  the  anthosooid  is  expanded ;  a,  fes- 
toosed  edges  of  the  cop. 

B",  tnthosooid,  showing  the  transverse  sections  of  the  mesenteries. 

A,  A,  Oenonrc,  with  its  deep  longitndinal  canals  (f),  and  superficial, 
imgalar,  reticnlated  eanak  (A).  P,  The  haid  aaps  of  the  coral,  with 
bMudtadioal  grooves  (jf)  answering  to  the  longitndinal  vessels. 

ni^ It .    ¥ne  cHiatedembryos. 

pores.  Li  tbe  red  coral  of  oommeK^  {OoraUiufn  ruhrvm, 
Fig.  30),  the  large  canals  run  parallel  with  the  axial  skele* 
ton.  A  delicate  network,  which  trayerses  the  rest  of  the 
sabstance  of  the  coenosarc,  appears  to  be  sometimes  solid 
and  sometimes  to  form  a  system  of  fine  canals  opening  into 
the  Isj'ger  ones.  The  anthozooids  possess  nnmerons  mnsoles 
bj  whidh  their  movements  are  effected.  The  fibres  are 
delicate,  pale,  and  not  striated.  Nerves  have  not  been 
certainly  made  ont. 

It  is  in  these  OctocoraUa  that  the  form  of  skeleton  which 
is  termed  a  uHerchase,  which  is  formed  by  comificatian  or 
calcification  of  the  axial  connective  tissne  of  the  zoantho- 
^me,  oocmrs.  It  is  an  unattached  simple  rod  in  Fei^mxhda 
and  VeretiUvm,  but  fixed,  tree-like,  branched,  and  even  re- 
ticulated, in  the  Gorgonia  and  the  red  coral  of  commerce 
(ComZZtum).  In  the  Ahyonia,  or  "Dead  men's  fingers," 
of  our  own  shores,  there  is  no  sclerobase,  nor  is  there 
any  in  Tvhipora,  the  organ  coral.  Bat,  whereas  in  all 
the  other  OctocoraUa  the  bodies  of  the  polypes  and  the 
ooenoearc  are  beset  with  loose  spicnia  of  carbonate  of 
lime,  Tubipora  is  provided  with  solid  tnbiform  thecse,  in 
▼bich,  however,  there  are  no  septa. 

Dimorphism  has  been  observed  by  KoUiker  to  occur 
extensively  among  the  PennaiuMdoe,  Each  zoanthodeme 
presents  at  least  two  different  sets  of  zooids,  some  being 
^y  developed,  and  provided  with  sexual  organs,  while  the 
otliers  have  neither  tentacles  nor  generative  organs,  and 


162       THB  ANATOMY  OV  QTYBBTBBBATED  ANIMALS. 

exhibit  some  other  peculiaritieB.*  These  abortive  zooids 
are  either  scattered  irregularly  among  the  others  {e,g. 
Scwcophytan,  VeretiUum),  or  may  occnpy  a  definite  position 
{e.g,  Virgtblaria), 

In  the  other  chief  diyision  of  the  CoraUigena — ^the  Hexct^ 
coraUa — ^the  fundamental  number  of  enterocoale  chambers 
and  of  tentacles  is  six,t  and  the  tentacles  are,  as  a  role, 
rounded  and  conical,  or  filiform. 

The  Actinozoon  developed  from  the  egg  in  some  of  the 
HeoMeoraJla  remains  simple,  and  attains  a  considerable  size. 
Of  these — ^the  ActinidcB — many  are  to  some  extent  loco- 
motive, and  some  {Minyas)  float  freely  by  the  help  of  their 
contractile  pedal  region.  The  most  remarkable  form  of  this 
gproup  is  the  genus  Cereawthus,  which  has  two  circlets,  each 
composed  of  numerous  tentacles,  one  immediately  around 
the  oral  aperture,  the  other  at  the  margin  of  the  disk. 
The  foot  is  elongated,  subcorneal,  and  generally  presents 
a  pore  at  its  apex.  Of  the  diametral  folds  of  the  oral 
aperture,  one  pair  is  much  longer  than  the  other,  and  is 
produced  as  far  as  the  pedal  pore.  The  larva  is  curiously 
like  a  young  hydrozoon  with  four  tentacles,  and,  at  one 
time,  possesses  four  mesenteries. 

The  ZocmthidoB  differ  from  the  AeHnida  in  little  more 
than  their  multiplication  by  buds,  which  remain  adherent, 
either  by  a  common  connecting  expansion  or  by  stolons; 
and  in  Uie  possession  of  a  rudimentary,  spicular,  skeleton. 
In  the  Antipathidce  there  is  a  sclerobasic  skeleton.  The 
proper  stone-corals  are  essentially  ActinicB,  which  become 
converted  into  zoanthodemes  by  gemmation  or  fission,  and 
develope  a  continuous  skeleton. 

The  skeletal  parts  {  of  all  the  Aetinotoa^  consist  either  of 
a  substance  of  a  homy  character;  or  of  an  organic  basis 
impregnated  with  earthy  salts  (chiefly  of  lime  and  mag- 
nesia), but  which  can  be  isolated  by  the  action  of  dilate 

*  *  Abhandlunonn  der  Senken-  they  are  either  six  or  some  mul- 

bergisehen  N  atuifonchenden  6e-  tiple  of  six. 

eellsohaft,'  Bd.  vU.  viii.  %  See  KOIIiker,  *Ioonet  HItto* 

t  That  if  to  say,  in  the  adalt,  logica,'  1866. 
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idds;  or  finaUj,  of  calcareous  salts  in  an  almost  ciystalline 
itate,  forming  rods  or  corpuscles,  which,  when  treated  with 
adds,  leave  only  an  inappreciable  and  structureless  film  of 
organic  matter.  The  hard  parts  of  all  the  Jp^roaa,  Perforoita^ 
and  jRiMoia  of  Milne-Edwards  are  in  the  last-mentioned 
condition;  while*  in  the  OetoeoraMa,  except  Ihtbipora,  and 
in  the  AfUipaUiidiB,  and  Zaanth4d(B,  among  the  HexcicoraUa, 
tiie  skeleton  is  either  hemj ;  or  consists,  at  any  rate,  te 
b^gin  with,  of  definitely  formed  spicnla,  which  contain  an 
organic  basis,  and  frequently  present  a  laminated  structure. 
In  the  organ  ooral  (Tiibipora\  the  skeleton  has  the  character 
of  that  of  the  ordinary  stone-corals,  except  that  it  is  per- 
forated by  numerous  minute  canals* 

The  skeleton  appears,  in  all  cases,  to  be  deposited  within 
the  mesoderm,  and  in  the  intercellular  substance  of  that 
layer  of  the  body.  Eyen  the  definitely  shaped  spicula  of 
the  OehooraHa  seem  not  to  result  from  the  metamor- 
phosig  of  cells.  In  the  simple  aporose  corals  the  calcifica- 
tion of  the  base  and  side  walls  of  the  body,  gives  rise  to 
the  cap  or  iheea ;  from  the  base  the  calcification  extends 
upwards  in  lamella,  which  correspond  with  the  interspaces 
between  the  mesenteries,  and  gives  rise  to  as  many  vertical 
aejAi,^  the  spaces  between  which  are  termed  UmsuU  ;  while, 
in  the  centre,  either  by  union  of  the  septa  or  indepen- 
dently, a  column,  the  eoZtimeZZa,  grows  up.  SmaU  separate 
pilkuv  between  the  columella  and  the  septa  are  termed 
fML  From  the  sides  of  adjacent  septa  scattered  processes 
of  calcified  substance,  or  ^ynapKeuto,  may  grow  out  toward 
one  another,  as  in  the  FungidcB ;  or  the  interruption  of  the 
eavities  of  the  loculi  may  be  more  complete  in  consequence 
of  the  formation  of  shelves  stretching  from  septum  to 
•eptnm,  but  lying  at  diiferent  heights  in  adjacent  loculi. 
^Hieae  are  nUene^^kd  din^mewU,  Finally,  in  the  TabuUUa, 
honxontal  plates,  which  stretch  completely  across  the  cavity 
of  the  theca»  are  formed  one  above  the  other  and  constitute 
khular  ditMi^pimenU. 

*  Lacup^^Dntfaieni'  invettisationa  on  Attr^ta  eafycttJari$  prove  that 
fte  wpta  begin  to  be  f«4rmed  before  the  theca. 

M  2 
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In  the  Aporota  the  tbeca  and  septa  are  almost  inTBiiablj 
imperforate ;  but,  in  the  Perforata,  thej  present  apertnres, 
and,  in  some  Madrepores,  the  whole  skdeton  is  reduced  to  a 
mere  network  of  dense  calcareous  substance.  When  the 
HexacoraUa  multiply  bj  gemmation  or  fission,  and  thus 
give  rise  to  compound  massive  or  arborescent  aggregations, 
each  newly-formed  coral  'poljpe  developes  a  skeleton  of  its 
own,  which  is  either  confluent  with  that  of  the  others,  or  is 
ufiited  with  them  bj  calcification  of  the  connecting  sub- 
stance of  the  common  body.  This  intermediate  skeletal 
layer  is  then  termed  ooBnenckyTna. 

The  septa  in  the  adult  HewacoraUa  are  often  yery  numeroua 
and  of  different  lengths,  some  approaching  the  centre  more 
closely  than  others  do.  Those  of  the  same  lengths  are 
members  of  one '  cycle ; '  and  the  cycles  are  numbered  accord- 
ing to  the  lengths  of  the  septa,  the  longest  being  counted 
as  the  first.  In  the  young,  six  equal  septa  constitute 
the  fii^  cycle.  As  the  coral  gprows,  another  cycle  of  six 
septa  arises  by  the  development  of  a  new  septum  between, 
each  pair  of  the  first  cycle ;  and  then  a  third  cycle  of  twelve 
septa  divides  the  previously  existing  twelve  interseptal 
chambers  into  twenty-four.  If  we  mark  the  s^ta  of  the 
fii^  cycle  A,  those  of  the  second  B,  and  those  of  the  third 
G,  then  the  space  between  any  two  septa  (AA)  of  the  first 
cycle  will  be  thus  represented  when  the  third  cycle  is 
formed— A  0  B  0  A. 

When  additional  septa  are  developed,  the  fourth  and 
following  cydes  do  not  consist  of  more  than  twelve  septa 
each ;  hence  the  septa  of  each  new  cycle  appear  in  twelve 
of  the  previously  existing  interseptal  spaces,  and  not  in  all 
of  them  ;  and  the  order  of  their  appearance  follows  a  definite 
law,  which  has  been  worked  out  by  Milne-Edwards  and 
Haime.  Thus,  the  septa  of  the  fourth  cycle  of  twelve  (d) 
bisect  the  interseptal  space  A  0;  and  those  of  the  fifth 
cycle  (e)  the  interseptal  space  B  0 ;  the  septa  of  the  sixth 
cycle  (f),  A  d  and  d  A ;  those  of  the  seventh  cycle  (g),  e  B 
and  B  e ;  those  of  the  eighth  cyde  (h\  d  C  and  G  d ;  and 
those  of  the  ninth  cycle  (i),  G  e  and  e  C. 
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Heiioe»  after  the  formation  of  nine  cycles,  the  septa  added 
he/tmeea  ewery  pair  of  primary  septa  (A,  A)  will  be  thus 
arranged — ^A  fdhCiegBgeiChdf  A.* 

The  stone-corals  ordinarily  known  as  MUleporea  are 
characterised  by  being  traversed  by  nnmeroas  tabular 
catifcies,  which  open  at  the  surface,  and  the  deeper  parts  of 
which  are  diyided  by  numerous  close-set  transverse  par- 
titums,  or  idbuiar  di$iepimeni8,  while  vertical  septa  are 
rudimentary  or  altogether  absent.  These  were  regarded 
as  AMoaoa,  and  classed  together  in  the  division  of  Tahidata, 
until  the  elder  Agaflsiz  f  published  his  observations  on  the 
living  MiUepora  aJcieomis,  which  led  him  to  the  conclusion 
that  the  Tabulata  are  SydromM  allied  to  Hydractmia,  and 
that  the  extinct  Bugosa  were  probably  of  the  same  nature. 

The  evidence  adduced  by  Agassiz,  however,  was  insuffi- 
cient to  prove  his  conclusions;  and  the  subsequent  dia- 
ooveiy  by  Tenill  that  another  tabulate  coral,  PociUopora,  is 
a  true  Hexaoorallan,  while  Moseley  {  has  proved  that  HeliO' 
pora  ^oendea  is  an  Octocorallan,  gave  further  justification 
to  those  who  hesitated  to  accept  Agassiz'  views. 

The  recent  very  thorough  and  careful  investigation  of  a 
spedes  of  MUlepora  occurring  at  Tahiti,§  by  Idx.  Moseley, 
although  it  stall  leaves  us  in  ignorance  of  one  important 
point,  namely,  the  characters  of  the  reproductive  organs, 
jet  pemits  no  doubt  that  MUlepora  ia  a  true  Hydrozoon 
allied  to  HtfdraeHnia,  as  Agassiz  maintained.  The  surface 
of  the  living  MUlepora  presents  short,  broad  hydranths, 
the  mouth  of  which  is  suxrounded  by  four  short  tentacles. 
Aroond  each  of  these  alimentary  zooids  is  disposed  a  zone 
of  from  five  to  twenty  or  more,  much  longer,  mouthless 
looids,  over  the  bodies  of  which  numerous  short  tentacles 
are  scattered.     Each  of  these  zooids  expands  at  its  base 

*  Tlttt  the  order  of  ooearrenoe  United  States,*  vols.  iil.  and  iv., 

flf  tiM  icpfea  of  variooB  lengths,  at  1860-e2. 

t^  diifcrent  stages  of  growth  of  X  Moseley,  *<  The  Structure  and 

teoTinite,  is  that  indicated,  seems  Relations   of   the    Alcyonarian, 

to  be  dear,  whatever  may  be  tbe  Helimora  earufea^"  &c.     (Proc. 

cact  node  of  development  of  the  Boyal  Society,  Nov.  1875.) 

Ti  in  each  cycle.  §  Proceedings   of   the   Royal 

*Matttral    Uistory    of   the  Society,  1876. 
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into  a  dilatation,  whence  tubular  processes  proceed,  which 
ramify  and  anastomose,  giving  rise  to  a  thin  expanded 
hydroBoma.  The  calcareous  matter  (composed  as  usual  of 
carbonate,  with  a  small  proportion  of  phosphate,  of  lime) 
forms  a  dense  continuous  crust  upon  the  ectoderm  of  the 
ramifications  of  the  hydrosoma,  that  part  of  it  which  under- 
lies the  dilatations  of  the  zooids  constituting  the  septa. 
As  the  first  formed  hydrosomal  expansion  is  completed, 
another  is  formed  on  its  outer  surface,  and  it  dies.  The 
^  thecal"  canals  of  the  coral  arise  from  the  correspondence 
in  position  of  the  dilatations  of  the  zooids  of  successiTe 
hydrosomal  layers,  and  the  tabulee-  are  their  supporting 
plateiB. 

Thus  the  group  of  the  Tdbulata  ceases  to  exist,  and  its 
members  must  be  grouped  either  with  the  HesBoeoraUa,  the 
OctoeoraUa,  or  the  Hydro»oa. 

The  Bugosa  constitute  a  group  of  extinct  and  mainly 
Palsozoic  stone-corals,  the  thecsB  of  which  are  proyided 
with  tabular  dissepiments,  and  generally  hare  the  septa  less 
developed  than  those  of  the  ordinary  stone-corals.  The 
arrangement  of  the  parts  of  the  adult  Bugoea  in  fours,  and 
the  bilateral  symmetiy  which  they  sometimes  exhibit,  are 
interesting  peculiarities  when  taken  in  connection  with  the 
tetramerous  and  asymmetrical  states  of  the  embryonic 
SesMcoraUa,  On  the  other  hand,  some  of  the  Bugota  possess 
ox>ercula,  which  are  comparable  to  the  skeletal  appendages 
of  the  Alcyonarian  Primnoa  observed  by  Lindstrom,  and 
the  tetramerous  arrangement  of  their  parts  suggests  affinity 
with  the  OctocoraUa.  It  seems  not  improbable  that  these 
ancient  corals  represent  an  intercalary  type  between  the 
SeaBOCoralla  and  the  OctoeordUa, 

AU  the  Actinoaoa  are  marine  animals.  The  Actinia, 
among  the  HexacoraUa,  and  various  forms  of  OctocoraUa, 
have  an  exceedingly  wide  distribution,  while  the  latter  are 
found  at  very  great  depths. 

The  stone-corals,  again,  have  a  wide  range,  both  as  re- 
spects depth  and  temperature,  but  they  are  most  abundant 
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in  hoi  aeaa,  and  many  are  confined  to  suoli  regions.  Some 
of  these  stane-coraLs  are  solitary  in  habit,  while  others  are 
social,  growing  together  in  great  fields,  and  forming  what 
are  called  "  ooral  reefs.''  The  latter  are  restricted  within 
that  comparativelj  narrow  zone  of  the  earth's  surface 
which  lies  between  the  isotherms  of  60^,  or,  in  other  words, 
tke7  do  not  extend  for  more  than  abont  90°  on  either  side 
of  the  equator.  It  is  not  conditions  of  temperature  alone, 
liowerer,  which  limit  their  distribution;  for,  within  this 
some,  the  reef-builders  are  not  found  alive  at  a  greater 
depth  than  from  fifteen  to  twenty  fathoms,  while,  at  the 
equator,  an  average  temperature  of  68°  is  not  reached 
vithin  a  depth  of  100  fathoms. 

Hot  only  beat^  then,  but  light,  and  probably  rapid  and 
effectual  aeration,  are  essential  conditions  for  the  activity 
of  the  reef -building  Aetmonoa,  But,  even  within  the  coral 
zone,  the  distribution  of  the  reef -builders  appears  to  be 
Mugnlarly  capricious.  None  are  found  on  the  west  coast 
of  Africa,  very  few  on  the  east  coast  of  South  America,  none 
oa  the  west  coast  of  North  America;  while  in  the  Indian 
Ocean,  the  Pacific,  and  the  Caribbean  Sea,  they  cover 
tkousands  of  square  miles.  It  is  by  no  means  certain,  how- 
erer,  that  any  one  species  of  West  India  reef  coral  is 
identical  with  any  East  Indian  species,  and  the  corals  of 
the  central  Pacific  differ  very  considerably  from  those  of 
the  Indian  Ocean. 

Different  species  of  Corals  exhibit  great  differences  as 
to  the  rapidity  of  their  growth,  and  the  depth  at  which 
ihey  flourish  best;  and  no  one  must  be  taken  as  evidence 
for  another  in  these  respects.  Certain  species  of  Ferforata 
[MadnporidcB  and  Poritid/B)  appear  to  be  at  once  the  fastest 
growers,  and  those  which  delight  in  the  shallowest  waters. 
The  AMtriBidtB  among  the  Aporosa,  and  Servatopcra  among 
tbe  ToMtloio^  live  at  greater  depths,  and  are  probably  slower 
of  increase. 

Under  the  peculiar  conditions  of  existence  which  have 
JQst  been  described,  it  would  seem  easy  enough  to  compre- 
hend, d  priori,  tbe  necessary  arrangement  of  coral  reefs. 
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Ab  the  reef-bmlding  AcUnonoa  cannot  live  at  greater  depths 
than  twenty  fathoms,  or  thereabouts,  it  is  clear  that  no 
reef  can  be  originally  formed  at  a  greater  depth  below  the 
surface,  and  such  a  depth  usually  implies  no  very  great 
distance  from  land.    Furthermore,  we  should  expect  that 
the  growth  of  the  coral  would  fill  up  all  the  space  between 
the  shore  and  this  furthest  limit  of  its  growth;  so  that 
the  shores  of  coral  seas  would  be  fringed  by  a  sort  of 
flat  terrace  of  coral,  covered,  at  most,  by  a  very  few  feet 
of  water;  that  this  terrace  would  extend  out  until  the 
shelving  land  upon  which  it  had  grown  descended  to  a 
depth  of  some  twenty  fathoms;  and  that  then  it  would 
suddenly  end  in  a  steep  wall,  the  summit  and  upper  parte 
of  which  would  be  crowned  with  overhanging  ledges  of 
living  coral,  while  its  base  would  be  hidden  by  a  talus  of 
dead  fragments,  totn  off  and  accumulated  by  the  waves. 
Such  a  "fringing  reef"  as  this,  in  fact,  surrounds  the 
island  of  Mauritius.    The  beach  here  does  not  gradually 
shelve  down  into  the  depths  of  the  sea,  but  passes  into  & 
flat,  irregular  bank,  covered  by  a  few  feet  of  water,  and 
terminating  at  a  greater  or  less  distance  from  the  shore  in 
a  ridge,  over  which  the  sea  constantly  breaks,  and  the 
seaward  face  of  which  slopes  at  once  sheer  down  into 
fifteen  or  twenty  fathoms  of  water. 

The  structure  of  a  fringing  reef  varies  at  different 
distances  from  the  land,  and  at  different  depths  in  its  sea- 
ward face.  The  edge  beaten  by  the  surf  is  composed  of 
living  masses  of  Porites,  and  of  the  coral-like  plant,  the 
NidUpore ;  deeper  than  this  is  a  zone  of  Aporoea  (AgtrteidcB), 
and  of  Millex>ores  (Seriatopora) ;  while,  deeper  still,  all  living 
coral  ceases ;  the  lead  bringing  up  either  dead  branches,  or 
showing  the  existence  of  a  flat  gently  sloping  floor,  the 
true  sea-bottom,  covered  with  fine  coral-sand  and  mud. 
Passing  from  the  edge  of  the  reef  landwards,  the  PoritidtB 
cease,  and  are  replaced  by  a  ridge  of  agglomerated  dead 
branches  and  sand,  coated  with  NulUpore ;  the  floor  of  the 
•hallow  basin,  or  "  lagoon,"  enclosed  between  the  reef  and 
the  land,  is  formed  by  a  conglomerate,  composed  of  frag* 
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mentB  of  ooral  cemented  by  mud ;  and,  on  this,  Meandrina 
and  FttnguB  rest  and  flonriah,  ezhibiidng  the  most  gaudy 
ooloration,  and  sometimefl  attaining  a  great  size.  During 
gtonns,  maiweB  of  coral  are  linrled  on  to  the  floor  of  the 
lagoon,  and  there  gradoally  increase  the  acctunulation  of 
rocky  conglomerate;  bnt  in  no  other  way  can  a  fringing 
reet  which  has  once  attained  its  limit  in  depth,  increase 
in  size,  unless,  indeed,  the  talus  accumulating  at  the  foot 
of  ite  outer  wall  should  ever  rise  suficiently  high  to  afford 
a  footing  for  the  corals  within  their  prescribed  limits  of 
depth. 

3aeh  is  the  structure  of  a  fringing  reef;  but  the  great 
majority  of  reefs  in  the  Pacific  are  very  different  in  their 
disraeter.  Along  the  north-eastern  coasts  of  New  Holland, 
for  instance,  a  Tsst  aggregation  of  reefs  lies  at  a  distance 
from  the  shore  which  yaries  from  a  hundred  to  ten  miles  ; 
forming  a  niighty  wall  or  barrier  against  the  waves  of 
the  Padfic  At  a  few  hundred  yards  outside  this  "  barrier 
reef"  no  bottom  can  be  obtained  with  a  sounding  line  of  a 
thomand  fathoms ;  between  the  reef  and  the  main  land,  on 
the  contrary,  the  sea  is  hardly  ever  more  than  thirty 
fathoms  de^.  Many  of  the  islands  of  the  Pacific,  again, 
are  encircled  with  reefs  corresponding  exactly  in  their 
cWaoter  with  the  barrier  reef;  separated,  that  is,  by  a 
t^datiTely  shallow  channel  from  the  land,  but  facing  the 
sea  with  an  almost  perpendicular  wall  which  rises  from 
a  very  great  depth. 

Finally,  in  many  cases,  especially  among  the  single  reefs, 
wbich  taken  together  constitute  the  great  Australian 
harrier,  there  is  no  trace  of  any  central  island;  but  a 
circnlar  reef,  usually  having  an  ox>ening  on  its  leeward 
aide,  stands  out  in  the  midst  of  the  sea.  These  reefs, 
i^parently  unconnected  with  other  land,  are  what  are 
called  "  Atons." 

How  have  these  barrier  reefs,  encircling  reefs,  and  atolls 
been  formed  ?  It  is  certain  that  the  fabricators  of  these 
leefs  cannot  live  at  a  greater  depth  than  in  the  fringing 
i^eeta.    How  can  they  have  grown  up,  then,  from  a  thousand 
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fathoms  or  moreP    Wbj  do  they  take  so  generally  the 
circular  formP    What  is  the  coimezion,  finally,  between 
fringing  reefs  and  atolls  P     The  only  thoroughly  satis- 
factory answer  to  these    questions   has  been  given   by 
Mr.  Darwin,  from  whose  beautiful  work  on  Coral  Kc»efs 
I  have  borrowed  most  of  the  foregoing  details.    Consider 
for  a  moment  what  would  be  the  effect  of  a  slow  ajid 
gradual  submergence  of  the  island  of  Mauritius — ^a  sub- 
mergence, perhaps,  of  a  few  feet  in  a  century  (at  any  rate, 
not  greater  than  the  rate  of  upward  growth  of  coral) 
continued  for  age  after  age.    As  the  edge  of  the  fringing 
reef  sank,  new  coral  would  grow  up  from  it  to  the  surface ; 
and,  as  the  most  actiye  and  important  of  the  reef -builders 
flourish  best  in  the  Yery  surf  of  the  breakers,  so  the  margin 
of  the  reef  would  grow  faster  than  its  inner  portion,  and 
the  discrepancy  would  incirease  as  the  latter,  sinking  deeper 
and  deeper,  became  further  removed  f^m  the  region  of 
active  growth.    Neverthelesa,  the  sea-bottom  within  the 
reef  would  constantly  tend  to  be  raised  by  the  aocumulatioxi 
of  fragments,  and  by  the  deposit  of  fine  mud,  in  its  sheltered 
and  comparatively  calm  waters,.    Qn  the  other  hand,  on  the 
seaward  face  of  the  reef,  no  possible  extension  could  take 
place  by  direct  growth ;  and  that  by  accumulation  must  be 
exceedingly  slow,  the  incessant  wash  of  tides,  waves,  and 
currents  toiding  incessantly  to  spread  any  talus  over  a  wider 
and  wider  area. 

Thus,  then,  the  edge  of  the  reef  unceasingly  compensates 
itself  for  the  depression  which  it  undergoes,  while,  inside 
the  reef,  only  a  partial  compensation  takes  place,  and, 
outside,  hardly  any  ^t  all.  Continue  the  sinking  process 
until  its  highest  peak  was  but  a  few  hundred  feet  above 
the  surface,  and  all  that  ^ould  be  left  of  Jitauritius  would 
be  BXL  island  surrounded  by  an  encircling  reef;  carry  on 
the  depression  further  still,  and  a  circular  reef,  or  atoll, 
alone  would  remain.  But  the  region  of  the  coral  reefs  is, 
for  the  most  part,  that  of  constant  winds.  During  the 
whole  process  of  growth  of  the  reef,  therefore,  one  of  its 
sides — ^that  to  windward — ^has  been  exposed  to  more  surf 
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than  tliat  to  leeward.  Not  onlj  will  the  greater  qnantitj 
of  d^tris,  therefore,  have  been  heaped  up  bj  storms  upon 
the  windward  side,  but  the  coral  builders  tiiemaelYeB  will 
here  ha^e  been  better  fed,  better  aerated,  and  conseqnentlj 
more  active.  Hence  it  is  that,  other  things  being  alike, 
there  is  a  probability  that  the  leeward  side  of  the  reef  will 
grow  more  slowly,  and  repair  any  damages  less  easily,  than 
the  windward  side ;  and  hence,  again,  as  a  result,  the  known 
&ct,  that  the  practicable  channels  of  entrance  into  encir- 
cling reefs  or  atolls  are  nsoally  to  leeward. 

The  winds  and  wayes  are  singularly  aided  in  grinding 
down  the  corals  into  mud  and  fragments,  by  the  8caH  and 
EaioQuturioB  which  haunt  the  Teefs;  the  former  browsing 
upon  the  liTing  Polypes  with  their  hard  and  parrot-like 
jaws,  and  passing  a  fine  calcareous  mud  in  their  excrements  ; 
the  latter,  more  probably,  swallowing  only  the  smaller  frag- 
ments and  mud,  and,  haying  extracted  from  them  such 
Doarishment  as  they  may  contain,  casting  out  a  similar 
product.  It  is  curious  to  reflect  upon  the  similarity  of  action 
of  these  wormlike  HolofhwruB  upon  the  sea-meadows  of 
coral,  to  thai  which  the  Earthworms,  as  Bar  win  has  shown, 
exert  upon  our  land  meadows ! 

In  the  Palseozoic  pmod,  reefs  like  those  which  have  just 

heen  described  appear  to  have  abounded  in  our  own  lati- 

todes ;  and  there  is  the  most  striking  superficial  resemblance 

between  the  ancient  beds  of  calcareous  rock  which  record 

their  enstemce,  and  the  masses  of  coral  limestone,  hard 

enough  to  dink  with  a  hammer,  which  are  now  being  formed 

in  the  Pacific,  by  the  processes  of  accumulation  of  coral- 

mud  and  fragments,  and  their  consolidation  by  percolating 

water.     Closer  examination,  however,  shows  an  important 

difference  in  the  nature  of  the  corals  which  compose  the 

two  reefs.      The  modem  limestones  are  made  up  of  Per^ 

faraia,  Millepores,  and  Aporosa,    The  ancient  ones  contain 

JODepores,  bat  usually  neither  Ferforaia  nor  Aporo9a, — ^both 

these  groups  being  replaced  by  the  Bugosa,  none  of  whose 

members  (with  some  doubtful  exceptions)  have  surriyed  the 

PahsosEoic  period.     On  the  other  hand,  PalcBocychis  and 
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FlenurodiGiyim  are  the  only  genera,  belonging  to  the  AparoBa 
or  Perforata,  which  have  yet  been  discovered  in  strata  of 
greater  than  mesozoic  age. 

The  0TENOPHO]KA.*-^These  are  freely  swimming  marine 
animals,  which  never  give  rise  by  gemmation  to  compound 
organisms,  and  are  always  of  a  soft  and  gelatinous  consist- 
ence, their  chief  bulk  being  made  up  by  the  greatly  de- 
veloped mesoderm.  Many  are  ovaJ  or  rounded  (Beroe,  Pleu' 
rohraehia.  Fig.  31),  while  in  others  the  body  is  produced  into 
lobes  {CaJUamra),  or  may  even  be  ribbon-shaped  {Cestum) ; 
but,  whatever  their  form,  they  present  a  distinct  bilateral 
symmetry,  similar  parts  being  disposed  upon  opposite 
sides  of  a  median  plane,  which  is  traversed  by  the  axis 
of  the  body.  The  mouth  is  situated  at  one  end  of  this 
axis,  which  may  be  termed  the  oral  pole.  At  the  opposite, 
or  aboral  pole,  there  is  no  median  aperture,  but  usually, 
if  not  invariably,  a  pair  of  apertures  a  short  distance 
apart  The  faces  of  the  halves  of  the  body  present  four 
longitudinal  bands  of  long  and  strong  cilia,  disposed  in 
transverse  rows,  like  so  many  paddles ;  these  constitute  the 
chief  organs  of  locomotion.  Each  half  is  also  often  provided 
with  a  long  retractile  tentacle;  and  lobed  processes  of  the 
body,  or  non-retractile  tentacula,  may  be  developed  on  its 
oral '  face.  The  mouth  leads  into  a  wide,  but  flattened, 
gastric  sac,  the  aboral  end  of  which  is  perforated,  and  leads 
into  a  chamber  termed  the  if^kmdibulwm.  From  the  aboral 
face  of  this,  a  canal  which  bifurcates,  or  two  canals,  lead  to 
the  aboral  apertures.  On  opposite  sides  of  the  infundibulum 
a  canal  is  given  off  towards  the  middle  of  each  half  of  the 
body,  which  sooner  or  later  divides  into  two,  and  these  two 
again  subdivide,  so  that  four  canals,  which  diverge  and 
radiate  towards  the  inner  faces  of  the  rows  of  paddles,  are 

*  Allman  (*  Monograph  of  the  part  from  the  conclusion  to  which 

Tubularian  Hydroids,'  1871,  p.  3)  I  was  led  by  the  stnd^  of  the 

considers  that  the  Ctmophora  are  structure  of  PfearofrrocAiia,  many 

more  properly  arranged  among  years  ago,  that  the  Ctmwphora  are 

the  Hvdrozoa,     I  oonfese,  how-  peculiarly  modified  Adinaxoa^ 
ever,  that  I  see  no  reason  to  de- 
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erentaalljr  formed.  HaTing  reached  tlie  snrfaoe,  each 
radiating  canal  enters  a  longitudinal  oanal,  wldch  nnderliee 
the  row  of  paddles,  and  may  give  off  branches,  or  unite 
mik  the  other  longitudinal  canals  in  a  circular  canal  at  the 
aboml  end  of  the  body.  In  addition,  two  other  canals,  which 
ran  parallel  with  each  flat  face  of  the  gastric  sac,  open  into 
tbe  infundibulum.  And,  when  retractile  tentacula  are  pre- 
sent, their  cavities  also  communicate  with  the  same  chamber. 

The  entire  system  of  canals  is  in  free  communication  with 
the  gastric  cavity,  and  corresponds  with  the  enterocoBle  of 
sn  AeHma.  Indeed,  an  Actinia  with  only  eight  mesenteries, 
and  these  exceedingly  thick,  whereby  the  intermesenterio 
chambers  would  be  reduced  to  canals;  with  two  aboral 
pofes  instead  of  the  one  pore,  which  exists  in  Cereanthvs ; 
and  with  eight  bands  of  cilia  corresponding  with  the 
reduced  intermesenterio  chambers,  would  have  all  the 
esaential  peculiarities  of  a  Ctenophoran. 

The  question  whether  the  Ctenophora  possess  a  nervous 
system  or  not  is  still  under  debate.  Between  the  aboral 
apertures  there  is  a  rounded  cellular  body,  on  which  there 
is  seated,  in  many  cases,  a  sac  containing  solid  particles, 
like  one  of  the  lithocysts  of  the  medusif orm  Hydroxoa,  I 
tee  no  reason  to  doubt  that  the  rounded  body  is  a  ganglion 
and  the  sac  a  rudimentary  auditory  organ.  Bands  which 
radiate  from  the  ganglion  to  the  rows  of  paddles  may  be 
regarded  as  nerves ;  though  they  may  contain  other  than 
Benrous  stractnres.* 


I 


^  Grant  originally  deecribed  a 
lonated  ringy  whence 


nai  oorda  proceeded  in 
(Plemrobraehid),  but  his 
oU^atkm  has  not  been  veri- 
fied bj  labeeqiient  investigators. 
Aeeozoing  to  Milne-Edwaras,  fol- 
lovred  bj  others  (among  whom  1 
most  ineinde  myself),  the  nervous 
system  eoocists  of  a  ganglion, 
ntoated  at  the  aboral  pole  of  the 
body,  whence  nerves  radiate,  the 
isett  eonspicnous  of  which  are 
eight  cords  wiiich  ran  down  the 
eorresponding  series  of  paddles; 


and  a  sensory  organ,  having  the 
characters  of  an  otolithic  sac,  is 
seated  npon  the  ganglion.  Agas- 
siz  and  KSUiker,  on  the  other 
hand,  have  denied  that  the  ap- 
pearances described  (though  they 
really  exist)  are  justly  inter- 
preted. And  again,  though  tiie 
body,  described  as  an  otolithic  sac, 
undoubtedly  exists  in  the  position 
indicated  in  all  or  most  of  the 
Ctenmthora,  the  question  has  been 
raised  whether  it  is  an  auditory 
or  a  visual  organ. 
Tliese  probrems  have  been  re- 
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The  ova  and  spermatOEoa  are  developed  in  ike  lateral 
walla  of  the  losgitudinal  canala,  which  correspond  witii  the 
faces  of  the  meflenterieB  in  the  Coralligena,  and  the  sexes 
are  ntoaUj  nnitod  in  the  same  individnal. 

The  development  of  the  Citnopkora  has  recently  been 
tboronghlj  iiivestigat«d  hy  EowalewBk7  and  hj  A. 
Agaaaii  ('  Uemoirs  of  the  American  Academy  of  Arts  and 
Sdenoes,'  1874). 

Fig.  31. 


J^lamiracUa.—a,  Month;  A,  itonudi-  e,lnfiiii-- 

,     ,  nUl  etaai  ;  e,  ono  of  iti  bnnchea  divi<Uiig  *guii 

•t/  Into  two  brancbca  whioh  open  into  tba  longltudln*!  uiuU,^^, 
nn11«l  with  which  the  dUsted  ana  runs;  A,  uc  of  tha  tentmele, 
I,  with  one  of  it*  bnnche*,  i  ;  J,  ckiul  ruaning  by  tha  ildo  of  tlie 
•tomub  ;  ■■,  tentacuUgerani  canal ;  m,  canali  openioB  at  tha  ab- 
ontl  apeituraa,  a,  on  each  lide  otp,  ths  ganglion  and  liUioeytt. 

The  laid  egg  ie  contained  in  a  spacionB  oapsole,  and  con< 
BiBta  of  an  ext«nial  thin  layer  of  protoplasm,  which,  in  Bome 
oases,  is  ocmtractile,  investing  an  inner  veuonlar  sabatance. 

eintly  Tdnveillgated  with  great  eeripiion  of  tha  na^oai  lyatem 

ear^  end  by  the  aid  of  tn*  re-  bai  already  been  inotad  (nipa, 

flnad  metboda  of  modem  Uflo-  p.  64), 
logy,  by  Dr.  Elmer,  wboee  da- 
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After  fecandatioii,  theyitellas  thus  constitnted  divides  into 
two,  four,  and  finally,  eight  masses ;  on  one  face  of  eacb  of 
these  the  protoplasmic  layer  accnmtdates,  and  is  divided  off 
as  a  hlastomere  of  mnch  smaller  size  than  that  from  which 
it  arises.  By  repeated  division,  each  of  these  gives  rise  to 
sdll  smaller  blastomeres,  which  become  distinctly  nucleated 
vhen  they  have  reached  the  number  of  thirty-two,  and  form 
a  layer  of  cells,  which  gradually  spreads  round  the  large 
Uastomeres,  and  invests  them  in  a  complete  blastodermic 
aac  At  the  ix>le  of  this  sac,  on  the  face  opposite  to  that  on 
which  these  blastoderm  ceUs  b^n  to  make  their  appear- 
iiiee,  an  ingrowth  or  involution  of  the  blastoderm  tal^es 
place,  which,  extending  through  the  middle  of  the  large 
jdk-masses  towards  the  opposite  pole,  gives  rise  to  the 
alimentary  canaL  This,  at  first,  ends  by  a  rounded  blind 
tennination;  but  from  it,  at  a  later  period,  prolongations 
are  given  off  wbich  become  the  canals  of  the  enterocoole. 

At  the  opposite  pole,  in  the  centre  of  the  region  corre- 
aponding  with  that  in  which  the  cells  of  the  blastoderm  first 
make  their  appearance,  the  nervous  ganglion  is  developed 
bj  metamorphoeis  of  some  of  these  cells. 

The  invaginated  portion  of  the  blastoderm,  which  gives 
nae  to  the  alimentary  canal,  appears  to  answer  to  the 
hjpoUast,  while  the  rest  corresponds  with  the  epiblast. 
The  large  blastomeres  which  become  enclosed  between  the 
epiblast  and  Hypoblast  in  the  manner  described,  seem  to 
serve  the  purpose  of  a  food-yelk ;  and  the  space  which  they 
originally  occupied  is  eventually  filled  by  a  gelatinous  con« 
ttective  tissue,  which  possibly  derives  its  origin  from  wander- 
ing cells  of  the  epiblast. 

In  those  Ctenephora  the  bodies  of  which  depart  widely 
from  the  globular  form  in  the  adult  state,  the  young 
videigo  a  sort  of  metamorphosis  after  they  leave  the  egg, 
and  have  acquired  all  the  essential  characters  of  the  group 
to  which  they  belong. 

As  might  be  expected  from  their  extreme  softness  and 
perishable  nature,  no  fossil  CUnophcra  are  known. 
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OHAPTEE  IV. 

THE  TUBBELLABIA,  THE  BOTIFERA,  THE  TBEMATODA, 

AND  THE  CESTOIDEA. 

The  Tubbellabia. — The  animals  wliicli  oonstitate  tliis 
group  inhabit  fresh  and  salt  water  and  damp  localities  on 
land.  The  smallest  are  not  larger  than  some  of  the  Jfrfii' 
soria,  which  thej  approach  very  closely  in  appearance, 
while  the  largest  may  attain  a  length  of  many  feet.  Some 
are  broad,  flattened,  and  discoidal,  while  others  axe  extremely 
elongated  and  relatively  narrow.  None  are  divided  into 
distinct  segments,  except  the  genns  Alawrina,  in  which  there 
are  four;  and  the  ectoderm,  which  constitatee  the  outer 
surface  of  the  body,  is  everywhere  beset  with  vibratile 
cilia.  Bod-like  bodies,  similar  to  those  met  with  in  some 
Infusoria  and  in  many  Annelida,  are  often  embedded  in  its 
substance,  and  in  some  genera  («.^.,  Micro$tomum,  ThymxinO' 
noon)  true  thread-cells  occur.  Stiff  setee  project  from  the 
ectoderm  in  some  species. 

The  aperture  of  the  mouth  is  sometimes  situated  at  the 
anterior  end  of  the  body,  sometimes  in  the  middle,  or  towards 
the  posterior  end,  of  its  ventral  face.  In  many,  the  oral 
apei*ture  is  surrounded  by  a  flexible  muscular  lip,  which 
sometimes  takes  on  the  form  of  a  protrusible  proboscis. 

A  definite  digestive  cavity  can  hardly  be  said  to  exist  in 
the  lowest  TurheUaria  {e,  g,  Cowtoluta)  in  which  the  endo- 
dermal  cells  are  not  arranged  in  such  a  manner  as  to  bound 
a  central  alimentary  cavity,  and  the  food  finds  its  way 
thxough  the  interstices  of  an  endodermal  parenchyma.  In 
the  higher  forms,  the  alimentary  cavity,  which  may  be  simple 
or  ramified,  provided  with  an  anal  aperture  or  without  one. 
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is  lined  by  the  endoderm,  between  wbicb  and  the  ectoderm 
is  an  interspace  more  or  lees  completely  occupied  by  the 
oonnectire  and  mnsonlar  tissues  of  the  mesoderm.  Hence 
there  is  no  definite  jierivisceral  cavity. 

The  7}itrbeUaria  possess  Tessels  of  two  kinds.  1.  Water 
KMebp  which  open  externally  by  one  or  more  pores,  and  are 
ciliated.  When  these  vessels  are  present,  there  are  usually 
two  chief  lateral  trunks,  from  which  many  branches  are 
giren  off.  It  is  probable  that  the  ultimate  ends  of  these 
branches  open  into  lacunar  interspaces  between  the  elements 
of  the  tissues  of  the  mesoderm.  2.  Pseud-hcBmal  ve89eh, 
which  i^pear  to  form  a  closed  system,  usually  consisting 
of  one  median  dorsal  and  two  lateral  trunks,  which  anasto- 
mose  anteriorly  and  posteriorly.  The  walls  of  these  vessels 
are  oontractile  and  not  ciliated,  and  their  contents  are 
clear,  and  may  be  colonred.  These  two  systems  of  vessels 
bare  been  shown  by  Schulze  to  co-exist  in  Te^tutemma. 
The  nervous  system  consists  of  two  ganglia  placed  in  the 
anterior  end  of  the  body,  from  which,  in  addition  to  other 
branches,  a  longitudinid  cord  extends  backwards  on  each 
nde  of  the  body.  In  some  cases,  these  lateral  trunks 
exhibit  ganglionic  enlargements,  from  which  nerves  are 
given  off;  and  they  may  become  approximated  on  the 
ventral  side  of  the  body,  thereby  showing  a  tendency  to 
the  formation  of  the  double  ganglionated  chain  character* 
istic  of  higher  worms.  Most  possess  eyes,  and  some  have 
auditory  sacs.  The  TmrheUaria  are  both  monoecious  and 
dioBckwia,  and  the  reproductive  organs  vary  from  the 
utmost  simplicity  of  structure  to  considerable  complexity. 
In  moei,  the  embryo  passes  by  insensible  gradations  into 
the  form  of  the  adult,  but  some  undergo  a  remarkable 
metamorpbosis. 

The  TmrbeUaria  are  divisible  into  two  groups.  In  the  one, 
the  JipHKia,  the  digestive  cavity  is  cftcal,  having  no  anal 
apertore;  in  the  other,  the  Produeha,  it  is  provided  with  an 
anal  opening.  The  twa  groups  form  parallel  series,  in  each 
of  which  organisation  advances,  from  forms  which  are  little 
more  than  gastruhe  provided  with  r^roductive  organs,  to 
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animals  of  relatiyelj  high  organiBation.  Li  the  simplest  of 
the  Jproda,  sach  as  Mcierostonwm,^  the  oral  opening  is 
deroid  of  anj  pi<otraBible  muscular  proboscis,  and  the  ali- 
mentaiy  sac  is  a  simple  straight  bag.  The  male  and  female 
generative  organs  are  united  in  the  same  individual,  and 
each  consists  of  an  aggregation  of  cells ;  which,  in  the 
former  case,  graduallj  enlarge,  fill  with  yelk-granules, 
and  become  ova ;  while,  in  the  latter,  thej  are  converted  into 
spermatozoa.  The  generative  cells  are  contained  within  a 
sac,  which  opens  extemallj  bj  a  median  pore  on  the  oral 
face  of  the  body,  the  male  aperture  being  posterior  to  the 
female.  The  margins  of  the  male  aperture  are  produced 
into  a  curved  prominence,  the  penis. 

Those  TurheUaria  which  resemble  Mcusrogtomum  in  having 
a  straight,  simple  digestive  cavity,  are  termed  Shabdooceia. 
Thej,  for  the  most  part,  possess  a  buccal  proboscis,  which 
is  capable  of  being  protruded  from,  or  retracted  into,  a 
chamber  formed  by  the  walls  of  the  circum-oral  r^on  of 
the  body  (Fig.  32,  0). 

In  some  (e.g,  Pro$lomwn)  the  anterior  end  of  the  body  is 
provided  with  a  second  hollow  muscular  proboscidif orm 
organ,  which  may  be  termed  the  Jronial  probomfU, 

In  all  the  higher  rhabdocoalous  TS/urbeUaria,  the  female 
generative  apparatus  becomes  complicated  by  the  presence 
of  a  special  gland,  the  wieUariwm  (Fig,  32,  m),  in  which  an 
accessory  vitelline  substance  is  formed.  There  is  a  single  or 
double  germarium  (Fig.  32, 2),  having  nearly  the  same  struc- 
ture as  the  ovajy  of  Macrostomum,  and  the  ova  are  formed 
in  it  in  the  same  way.  When  detached,  however,  they  con- 
tain no  vitelline  granules;  but  the  two  vitellaria,  which  are 
long  and  simple  or  branched  tubes,  open  into  the  oviduct ; 
and  the  vitelline  matter  which  they  secrete  envelopes  the 
proper  ovum,  and  becomes  more  or  less  fused  with  it,  as  it 
passes  into  the  uterine  continuation  of  the  oviduct  connected 
with  the  outer,  or  vaginal,  end  of  the  uterus.  There  is  usually 
a  spermatheca,  or  receptacle  for  the  seminal  fluid  (Fig. 

*  E.  Van  Beneden,  <  Beoherehet  tor  la  GomposiUon  et  la  Slgniflea- 
tion  dB  rCBaf/  1870^  p.  6i. 


32,  ik1, «i)d  the  e^a,  wfterimpr^nation,  are endowd  within 

a  hud  ihell  (Fig.  32,  •}.    The  testes  aad  tou  deferentia 

ng.  32. 


¥if.  3d.— O/hiMmhom  (afm  Sohu]ie).-a,  Central  Derrani  iritem; 
iHiiiBiMHiiin  at  the  wM«r  ceawli  are  teen  eloM  to  It  {  b,  nontta  ;  e, 
probnaeU;  aplasia;  t,  tu* defannti* ; /,  Tenoula  leminali*;  ff, 
peniB;  i,  (exiikl  aperturs;  l,TKgliu;  li.ipenBatbecm;  I,  germuliuii ; 
m,  TUaUarinnil  ■>  ntam  with  two  ova  eoclotad  within  thair  hud 
•hall*. 

(Fig.  32,  d,  «)  goiAnlly  have  the  form  ot  two  long  tabea. 
"Hie  penis  is  often  erwuble  and  oovered  with  epines  (Fig. 
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In  some  genera  a  difference  is  obsenred  between  the  eggs 
produced  in  sammer,  which  have  a  soft  vitelline  membrane, 
and  those  produced  later.  These  so-called  vrinter  ova  have 
hard  shells. 

The  water-YBScular  system  consists  of  lateral  trunks, 
which  op«n  by  a  terminal  pore,  of  by  many  pores,  and  give 
off  numerous  ramifications.  They  are  not  contractile,  but 
their  inner  surface  is  ciliated. 

Many  of  the  Bhahdoecela  multiply  by  transrerse  fission ; 
and,  in  the  genus  Caieimla,  the  incompletely  separated 
animals  produced  in  this  way  swim  about  in  long 
chains. 

The  yitellTis  of  the  impregnated  ovum  undergoes  complete 
yelk-division,  and  the  embryos  pass  directly  into  the  form 
of  the  parent ;  but  the  ptec'.ise  nature  of  the  steps  of  the 
developmental  process  require  further  investigation.  How- 
ever, there  seems  little  reason  to  doubt  that  the  ectoderm 
and  endoderm  are  formed  by  delamination. 

In  the  remaining  Aproota,  termed  Dendroccda,  the  diges- 
tive cavity  gives  off  many  cecal,  frequently  branched,  pro- 
cesses into  the  mesoderm,  one  of  which  is  always  median 
and  anterior  (Fig^  33) ;  and  the  mouth  is  always  provided 
with  a  proboscis.  Some  {Procotyla)  have  a  frontal  proboscis, 
and  others  {BdeUwa)  a  posterior  sucker.  The  animals 
commonly  known  as  PlanaruB  belong  to  this  division.  Some 
are  marine,  some  fresh-water,  and  some  terrestrial. 

In  the  fresh-water  forms,  the  female  reproductive  appa- 
ratus has  a  distinct  vitellarium,  as  in  the  higher  Bhah- 
doccda,  and  there  is  only  one  common  genital  aperture. 
But,  in  the  marine  PlanaruB  (Fig.  33),  there  is  no  vitel- 
larium; the  ovaries  and  testes  are  numerous,  and  scattered 
through  the  mesoderm,  being  connected  with  the  exterior 
by  ramifications  of  the  oviducts  and  of  the  vasa  deferentia. 
A  ramified  gland,  which  secretes  a  viscid  albumen  br  en- 
velope for  the  eggs,  opens  into  the  vagina,  and  the  female 
is  distinct  from  the  malei  aperture.  Pkmaria  4ioica  is 
unisexual. 

In  some  of  the  PlanaritB  there  are  distinct  water- vascular 
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ouiala  of  the  ordiiury  kind ;   bnt  in  the  land  Flanariane  * 
two  neftrlj  simple  canals,  occupied  by  a  spongj  tiame,  and 


rig.  n.—Pa^OM  {Liptcpbua)  latmata  (trtcr  QnatrefkgM).— a, 
MOUh;  t,  bucottl  uvll;;  c,  tfiopfiagsiJ  orlfloc;  i^  atoinkDh;  (, 
^"--''noi  of  gHtrio  reca; /,  g»QBHa;  p,   talea ;  A,  vmIcuIo- 

,  i,  mala  pinital  canal  and  p«nii;   J    oTJdueU;  ),  nwr- 

UlaUUon  at  Iheir  Junction  ;  x,  vulya. 

tlie  connexioii  of  which  with  the  exterior  has  not  been 
obaerred,  occapj  the  place  of  the  water  Teeaeb. 
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The  fresh- water  PlanaritB,  like  the  Bhahdoecda,  undergo 
no  metamorphofiiB  in  the  oonrse  of  their  development ;  and 
the  like  is  true  of  some  of  the  marine  Dendroecela.  Kef  er- 
Btein  *  has  carefollj  worked  ont  the  development  of  Lepto- 
plana  {PolyeelU).  The  vitellus  imdergoes  division  first 
into  two  and  then  into  four  equal  blastomeres;  next,  from 
one  surface  of  these  four  blastomeres,  four  small  s^;nLents 
are,  as  it  were,  pinched  off.  These  divide  rapidly,  and 
form  a  blastoderm,  which  grows  over  the  more  slowly 
dividing  large  segments,  and  eventually  encloses  them*  So 
far,  the  process  is  very  similar  to  that  which  has  been  de- 
scribed in  the  Ctenophora,  But  though  Kef  erstein  describes 
and  figures  the  various  stages  by  which  the  globular  ciliated 
embryo  attains  the  form  of  the  adult,  neither  his  descrip- 
tion nor  the  figures  enable  one  to  say  whether  the  alimen- 
tary cavity  arises  by  delamination  or  by  invagination,  nor 
to  trace  llie  mode  of  origination  of  the  buccal  proboscis, 
though  this  organ  is  one  of  the  first  to  make  its  appearance, 
and  its  aperture  becomes  the  future  mouth« 

In  some  of  the  marine  Planaria,  however^  the  embryo, 
when  it  leaves  the  egg,  differs  very  widely  from  the  adults 
Johannes  Muller  described  such  a  larva,  in  which  the  body 
is  provided  with  eight  lobes  or  processes,  one  ventral 
and  median  in  front  of  the  mouth,  three  lateral,  and 
one  dorso-median4  The  edges  of  these  proceases  ai*e 
fringed  by  a  continuous  series  of  dlia,  which  pass  from 
one  process  on  to  another,  so  as  to  form  a  complete 
circlet  round  the  body.  The  successive  working  of  the 
cilia  forming  this  lobed  transverse  girdle  of  the  body 
produces  the  appearance  of  a  rotating  wheel,  as  in  the 
BoHfera,  The  eyes  are  situated  on  the  aboral  face  of  the 
embryo,  in  front  of  the  ciliated  circlet,  while  the  mouth 
opens  immediately  behind  it.  As  development  proceeds, 
the  lobes  disappear,  and  the  body  takes  on  the  ordinary 
Planarian  character^ 

*  'Beitrl^r«  car  Anatomie  imd  EDtwickelttogsg«tchlcht«  ciiilger  Sce- 
ritoarien,'  1868. 
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A*  win  be    Men,  aome  of   the  Proetueha  have  lame 
Fig.  SI. 


I,  oantnl  ("gH*  of  "la  narroiu 
a  Ihrou^  which  tha  praboaoti 


br  put,  fliad  n 


■Dtarior  portioa  of  proboula;  e,  poiCarior 
o  tha  wiatai  wi  fi  g,  iatcMina;  *,  uul  aper- 
•wsj  <,  wM«-.i<»d»;  i,  rhjnhialaBllT  coalnotliig  tcmeIi.  (Aftar 
BcImW)  B.  Aotarioi  aitramily  of  tba  eTerted  proboaoii  of  3Uni- 
*i>iia«,  eihiUUBg  tha  priaeipa  and  Uia  nacrva  itileU.  (Aflar 
Sckaln.) 

■unOarlj  provided  with  a  prs-oral  ciliated  zone ;  and  larrs 
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of  the  same  fundamental  type  aboimd  among  tlie  polychse- 
tous  Annelida,  the  Echinodermata,  and  the  MoUusca, 

The  lowest  Proctuoha,  such  as  Microstom/um,  have  no 
frontal  proboscis  (whence  thej  are  termed  Arhynchia),  and 
they  differ  very  little  from  the  lowest  Bhabdoecda,  save  in 
the  fact  that  there  is  an  anus,  and  that  the  sexes  are 
distinct.  Bnt  all  the  other  Proehicha  >  {Bhynchoeoeia,  or 
Nemerteans)  ai*e  provided  with  a  frontal-  proboscis,  which 
sometimes  occupies  the  greater  part  of  the  length  of  the  body 
(Fig.  84).  It  has  special  retractor  muscles,  and  its  internal 
surface  is  either  merely  papillose,  or  may  possess  a  peculiar 
armature,  consisting  of  a  sharp  chitinous  style  (Fig.  34,  B). 
There  is  no  buccal  proboscis,  but  the  mouth  leads  into  along, 
straight  intestine,  with  short,  lateral,  csecal  dilatations.* 

The  Proctiicha  usually  present  only  the  pseud-hsdmal 
vessels,  though,  as  has  been  mentioned  above,  Schulze  found 
water-vessels  co-existing  with  them  in  TetroMtemma  (Fig.  34). 

The  nervous  system  of  the  Proctueha  is  like  that  of  the 
Aproeta;  but,  in  correspondence  with  the  often  extreme 
elongation  of  the  body,  the  backwardly-prolonged  cords 
are  very  stout.  Moreover,  the  ganglia  are  united  by  an 
additional  commissure  over  the  proboscis,  which  thus  tra- 
verses a  nervous  ring.  In  some,  the  lateral  cords  approach 
one  another  on  the  ventral  aspect  of  the  body,  and  gan- 
glionic enlargements  appear  where  the  nerves  are  given  off, 
thus  presenting  an  approximation  to  the  double  ganglio- 
nated  chain  of  higher  forms. 

In  addition  to  eyes,  almost  all  the  Proctueha  possess  two 
ciliated  fossse,  one  on  each  side  of  the  head  (Fig.  34,  hh\ 
which  receive  nerves  from  the  ganglia.  Occasionally  two 
otolithic  vesicles  are  attached  to  the  cerebral  ganglia. 

The  Proctueha  are  almost  always  dioecious.  The  simple 
reproductive  glands  are  lodged  in  the  intervals  between  the 
saccular  dilatations  of  the  intestine,  and  the  ova  and  sper- 
matozoa usually  make  their  way  out  by  the  dehiscence  of 

*  For  the  organisation  of  the      tonh's  elaborate  monograph  lately 
EUiynchoccele       Turbdlana^     or       published  by  the  Ray  Society, 
^emerteans,   see   Dr.  C.  Mcln« 
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the  mt^Tunent,  In  some,  howerer,  the  embryos  are 
dereloped  in  the  ovarian  sacs,  or  in  the  oayity  of  the 
body.  In  moot  of  the  Proeiueha,  the  egg,  aft«T  paming 
throogh  the  morula  et^e,  aoqairee  an  alimentary  carityt 
Pig.  as.  Pig.  37. 


^>|MR3itly  by  deUmination,  and  paaaes,  without  other 
metanioTphoBis  than  the  shedding  of  a  ciliated  onter 
inTestment,  into  the  form  of  the  adnlt. 
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FrofeBBor  A<  Agassiz*  has  described  a  free-swimming 
larva,  the  broad  anterior  end  of  the  body  of  which  is  sur- 
rounded by  a  zone  of  cilia,  inmiediatelj  behind  which  the 
mouth  opens ;  while,  around  the  anal  aperture,  at  the  narrow 
posterior  end,  is  a  second  circlet  of  cilia.  Thia  larva  exactly 
resembles  those  forms  of  polychsstous  Annelidan  larrsB 
which  are  called  TeVatrocha.  As  in  these  Annelids,  the 
region  of  the  body  which  lies  between  the  two  ciliated  lings 
elongates  and  becomes  segmented,  while  a  pair  of  eyes  and 
two  short  tentacles  are  developed  on  the  head  in  front  of 
the  pnB-oral  ciliated  band.  But,  as  development  advances, 
the  segmentation  becomes  obliterated,  the  ciliated  bands 
and  the  feelers  vanish,  and  the  worm  assumes  the  characters 
of  a  Nemertean.t 

In  species  of  the  genus  Xineiu,  the  ciliated  embryo  which 
leaves  the  egg  is  speedily  converted  into  a  body  like  a  helmet 
with  ear-lappets,  and  having  a  tuft  of  cilia  in  place  of  a 
plume  (Fig.  85).  The  lappets  are  fringed  with  long  cilia, 
and  between  them,  where  the  head  would  fit  into  a  helmet, 
is  the  aperture  of  a  mouth,  which  leads  into  a  csdcal  poach- 
like  alimentary  cavity.  This  larva  was  named  by  Miiller, 
who  discovered  it,  FiJUd^wn  gyratu.  On  each  side  of  the 
ventral  face  of  the  Pilidi'wm,  two  involutions  of  the  in- 
tegument take  place.  Aggregations  of  cells  in  relation 
with  these,  and  probably  forming  part  of  the  mesoblast, 
appear,  eventually  enclose  the  alimentary  canal  of  the 
PiUdium,  and  give  rise  to  an  elongated  vermiform  body, 
in  which  the  characteristic  features  of  a  Nemertean  soon 
become  discernible  (Fig.  36).  The  worm  thus  developed  be- 
comes detached  (Fig.  37)  and  falls  to  the  bottom,  oarxying 
with  it  the  alimentary  canal  of  the  Pilidiwn,  and  leaving 
the  ciliated  integument  to  perish. 

In  this  remarkable  process  of  development  the  formation 

*  **  On  the  Young  Stagefl  of  a  an  anncetont  foim  between  4be 

few  Annelids."     (Annalt  of  the  TurheUaria   and    other    groupe. 

l.yeeum  of  New  Tork,  1864.)  See  Schneider,  ^  TJeber  Bau  und 

f  It  iB  very  probable,  however,  BntwiclLelung  von  Polygordius." 

thatthis  larva  belongs  to  the  genus  CArehiv  fQr  Anal,  und  Physio- 

jPo/^yyordiM,  which  appears  to  be  logic/  1868.) 
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of  ibe  Nemertean  body  may  be  compared,  on  the  one  hand, 
to  that  of  the  segmented  mesobhist  in  Annelida  and 
ArOtropoda,  and,  on  the  other,  to  that  of  an  Echinoderm, 
(eBpeciallj  EehvMu,)  within  its  larva. 

The  BoTiFBBA. — ^The  "  wheel-animaLctdes/'  as  they  were 
termed  by  the  older  obserrers,  on  acconnt  of  the  appearance 
of  rotation  prodnced,  as  in  many  Annelid  larrtB,  by  the 
votking  of  the  vibratile  cilia  with  which  the  oral  end  of  the 
body  ia  provided,  were  formerly  included  among  the  Jn/u* 
99ria.  However,  they  are  true  Mettuoa^  as  their  vitellos 
undergoes  division  into  blastomeres,  and  the  tissues  of  the 
body  are  produced  by  the  metamorphosis  of  the  cells  into 
which  the  blastomeres  are  converted*  They  are  free  or  ad* 
herent,  bat  never  absolutely  fixed  animals^  and  they  do  not 
multiply  by  gemmation  or  fission.  The  oral  end  of  the 
body  is  usually  broader  than  the  opposite  extremity,  and 
presents  the  form  of  a  diak,  sometimes  produced  into  ten« 
tade-like  prolongations  (Fig.  S9).  The  edges  of  this  trochal 
didt  are  fringed  with  long  cilia,  but  the  general  surface  of 
the  body,  instead  of  being  ciliated,  as  in  the  TwrhelXarick,  is 
formed  by  a  dense,  generally  chitinous,  cuticular  layei*, 
which  is  sometimes  converted  into  a  kind  of  shell  and 
vanoosly  sculpturedi  Transverse  constrictions,  which  are 
alight  in  the  anterior  part  of  the  body,  but  may  become 
more  marked  towards  its  posterior  end,  give  rise  to  an  im- 
peffeet  s^mentation*  The  segments  do  not  appear  to 
exceed  six,  and  the  divisions  are  less  marked  in  the  tubi- 
ctAcfom  than  in  the  free  BoUfera.  The  mouth  is  a  funnel* 
shaped  cavity,  situated  in  the  middle,  or  on  one  side,  of  the 
trochal  disk.  The  walls  of  this  cavity  are  abundantly  cili- 
ated»  and  at  the  bottom  is  a  muscular  pharynx,  or  maatcuR^ 
provided  with  a  peculiar  armature.  Sometimes,  as  in 
SiephcMoeeiroBt  a  large  crop-like  cavity  lies  between  the 
month  and  the  mastax,  and  the  aperture  of  communication 
between  this  crop  and  the  mouth  is  guarded  by  a  valve 
formed  hj  two  broad  membranous  folds  which  project  into 
the  cavity  of  the  crop.     The  armature  of  the  mastax 
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generally  consists  of  four  pieces — ^two  lateral,  the  mdUei, 
and  two  central,  constituting  the  incus.  The  contraction 
of  the  mnscular  masses,  to  which  the  mallei  are  attached, 
canses  the  free  ends  of  the  latter  to  work  hackwards  and 
forwards  upon  the  incus,  and  crush  the  prey  which  is 
taken  into  the  mouth.* 

A  short  cesophagus,  provided  with  cilia  or  vibratile  mem- 
branes, leads  into  a  digestire  cavity  bounded  by  the  endo- 
derm.  The  anterior  or  gastric  part  of  this  cavity  is  usually 
dilated,  and  gives  off  a  large  csBcum  an  each  side.  The 
posterior,  narrower,  intestinal  part  usually  opens  externally 
by  a  doacal  chamber;  but,  in  some  Botifers  (e.^.  Notam- 
mata),  the  alimentary  cavity  is  a  blind  sac,  devoid  of 
intestine  or  anus;  and  in  the  males,  so  far  as  they  are 
known,  the  whole  alimentary  canal  is  aborted  and  repre- 
sented by  a  solid  cord. 

A  spacious  perivisceral  cavity  occupies  the  interval 
between  the  wallB  of  the  alimentary  canal  and  the  parietes 
of  the  body.  The  latter  contains  circular  and  longitudinal 
muscular  fibres,  which  may  be  smooth  or  striated. 

Opening  into  the  cloaca  there  is  usually  a  large  thin- 
walled  vesicle  with  rhythmically  contractile  walls ;  and,  in 
connexion  with  this,  are  two  delicate  water- vesseLs,  which 
pass  forwards,  often  giving  off  short  lateral  branches,  and 
eventually  break  up  into  numerous  ramifications  in  the 
trochal  disk.  The  branches  are  open  at  the  ends,  whereby 
the  cavities  of  the  water-vessels  are  in  communication  with 
the  perivisceral  cavity  on  the  one  side,  and  with  the  sur- 
rounding water  on  the  oth^.  Here  and  there,  in  the  course 
of  the  main  trunks  and  at  the  ends  of  the  branches,  long 
cilia,  which,  by  their  constant  undulation,  give  rise  to  a 
flickering  motion,  are  situated. 

The  nervous  system  is  represented  by  a  relatively  large 
single  ganglion  placed  on  one  side  of  the  body,  near  the 
trochal  disk.    One  or  more  eyespots  are  sometimes  seated 


*  See,  for  the  various  formi  of  logues  of  the  Manducating  Ajppa- 
thii  apparatus,  Gosse,  '*On  the  ratus  in  the  /to^i/cra,**  (Pnil. 
Structure,  Functioiis,  and  Homo-      Trans.  1855.) 
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on  the  ganglion,  and  there  are  other  orgtma  which  Appear 
to  be  aenmxrj.  Bach  are  the  ciliated  pit  and  the  spur-like 
proeew  (ealear)  or  proceaaee,  provided  at  the  end  with  a 
toft  of  Betse,  which  oeoor  in  man;  Rotifers,  and  are  more 
or  leas  cloeelj  connected  with  the  ganglion.  In  some  there 
i*  a  sac  filled  with  oaloareous  matter  (otocjst  ?)  attached  to 
the  ganglion. 

Fig.  38. 


rnaets;  e,  oraiy;/,  gsoglion.     B,  nula: 
'   I  e,leatii',/,guigllon;^,MUBenrat^t. 

Th«  orarinm  and  the  tastis  are  siinple  glands  which  op«o 
into  the  doaca,  and  are  idwaya  placed  in  distinct  individnals. 
All  the  males  at  present  known  differ  from  the  females  in 
being  mneh  smaller,  uid  in  their  digcatire  oan^  beii^ 
■neatsd  in  ita  derdopnunt.    The  males  copnlate  with  the 


190      THB  AKATOMT  OF  XKTXBTBBBATBD  ANIMAUSI. 

females,  and  the  eggs  are  sometiines  attaclied  to,  and 
carried  about  by,  the  latter — e.g.  Braehioniu. 

In  some  Rotifers,  the  eggs  are  dietrngaishable,  as  in 
certain  TurbeUairia,  into  summer  and  winiar  ova.  The 
latter  are  enclosed  in  a  peculiar  shelL  In  LaeimUmia,  it 
appeared  to  me  that  the  winter  ova  were  segregated  portions 
of  the  OYarinm,  and  that  thej  were  probably  dereloped 
withont  impregnation.  Oohn,  on  the  contrary,  has  given 
reasons  for  believing  that  the  summer  ova  are  occasionally, 
if  not  always,  developed  withont  fecundation,  and  that  it 
is  the  winter  ova  which  are  fecundated. 

The  egg  undergoes  complete  yelkodivision,  and  the  embryo 
gradually  passes  into  the  adult  form.  The  blastomeres  are 
soon  of  unequal  sizes,  and  the  smaller,  as  an  epiblast,  invest 
the  larger,  which  form  the  hypoblast. 

Salensky's  *  recent  observations  on  Brcushionus  wrtfiolaris 
show  that  a  depression  arises  on  one  face  of  the  epiblast  and 
that  the  antero-lateral  parts  of  this  depression  are  con- 
verted into  the  trochal  disk*  while  its  median  x>08terior  paart 
grows  out  into  the  "  foot ;"  and  he  points  out  the  resem- 
blance of  the  embryo  in  its  early  stages  to  that  of  some 
Qasteropods. 

An  involution  of  the  epiblast  at  the  bottom  of  tl\e  depres- 
sion gives  rise  not  only  to  the  oral  chamber,  but  also  to  the 
mastaz;  eventually  communicating  with  the  gastro-intes- 
tiual  division,  which  is  developed  out  of  the  hypoblast. 
The  ganglion  is  a  product  of  the  epiblast. 

Some  of  the  modifications  of  the  general  structure  thus 
described  which  occur  in  the  different  groups  of  the  BoU- 
fera  are  of  considerable  interest. 

Thus,  in  the  tubicolous  forms,  the  body  is  elongated  and 
terminated  posteriorly  by  a  discoidal  surface  of  adhesion. 
The  animals  (of  which  a  number  are  often  associated 
together),  fixed  by  this  disk,  enclose  themselves  in  cases,  the 
foundation  of  which  is  a  gelatinous  secretion.  The  intestine 
is  bent  upon  itself  (Xaetn«2arta,  Fig.  39, 11.),  and  opens  upon 
the  face  of  the  body  opposite  to  that  upon  which  the 

*  •  ZdtMhrilt  mr  WIm.  Zoologie,'  187S. 
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guig&ia  ifl  placed.  The  pftdnncle  of  attaohment  is  therefore 
a  process  of  ibe  neural  face  of  the  hodj.  In  these  Bottom 
the  troohal  disk  ia  aometimeB  prodaoed  into  long  ciliated 
tgntjjinlft,  which  BDiToimd  the  montti  sjmmetrioaU;  {8te- 
plumooMvt — Fig.  39,  T.)  or  its  edges  may  be  provided  with 
two  riraleta  of  cilia,  one  in  front  of,  and  the  other  behind, 
the  oral  aperture ;  and  it  maj  be  bilobed  or  boreeahoe^baped, 
at  in  Mtlieerta  and  Laciwtlaria  *  (Fig.  39, 1.  II.). 

In  the  free  Botifers,  the  hodj  ma^  be  xoouded,  aao-like, 
ad  devoid  of  appendages,  a«  in  the  genna  Atplanehna, 


M,  Booth;  O,  gsnglioB;  A,  aniu. 

which  baa  nuther  anoB  nor  intestine.  In  Albertia  and 
Xitadto,  on  the  other  hand,  the  bodj  is  elongated  and  Termi- 
f omL  Koat  of  the  free  BoH/era  (Fig.  38)  are  prorided  with 
a  a^mented  and  sometimes  t«le8iiopicaJlj-jointed  "foot," 
uanall;  terminated  bj  two  at jtes,  which  oan  be  approximated 
or  dirarioated  like  pincers,  and  eerre  to  anchor  the  bodj. 
This  foot  is  a  median  process  of  that  face  of  the  bodj  which 
is  opporite  to  that  on  which  the  ganglion  is  placed,  so  that 

lociajti.    (Tnnnctiani  of  the  Mleweoopleal 
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it  is  not  the  homologne  of  the  peduncle  of  the  tuhicolom 
forms. 

Folyarthra  and  TriariKra  possess  long,  sjmmetricallj 
arranged,  moyablj  articulated  setsB;  and  Fedalion  has 
median  appendages  proceeding  from  both  the  neural  and 
the  opposite  faces  of  the  body,  as  well  as  lateral  appendages. 

In  most  of  the  free  Rotifers  the  trochal  disk  is  large;  it 
may  be  bilobed  or  folded  upon  itself  (Fig*  39,  HE.),  or  its 
surface  maj  give  rise  to  ciliated  processes  (Fig.  39,  lY.).  In 
Albertia  and  NoUmvmaia  tardigrada,  however,  the  trochal 
disk  is  reduced  to  a  small  ciliated  lip  around  the  oral  aper- 
ture; and  there  is  no  trochal  disk  in  AptUttB,  Lindia, 
Taphroccmipa,  and  Bcdairo,  Some  few  Botif era  are  parasitic. 
Thus  AlberHa  is  an  entoparasite,  and  Balairo  an  ectopara- 
site, upon  oligochsetous  Annelids, 

Under  the  name  of  Gasterotricha,  Metschnikoff  and 
Olapar^e  *  include  the  curious  aquatic  gen^a  ChoBtonotus, 
Ichtkydium,  ChoBtwra,  CephaUditmi,  Daayditia,  Turbanella, 
and  Semidaeys,  the  last  of  which  alone  is  marine.  These 
animals  haye  been  united  with  the  BoUfera,  but  thej  differ 
from  them  in  the  absence  of  a  mastaz  and  in  the  disposi- 
tion of  the  cilia,  which  are  restricted  to  the  ventral  surface 
of  the  body.  It  appears  probable  that  they  form  an  annectent 
group  between  the  BoUfera  and  the  TurbeUaria,  which  last 
approach  the  BoUfera  by  such  forms  as  DinophUus, 

The  free  Rotifers  present  marked  resemblances  to  the 
telotrochous  larvB9  of  Annelids.  The  young  LaciMula/nai  for 
example,  has  a  circular  prs^-oral  disk  provided  with  two 
eye-spots  and  a  second  circle  of  cilia  behind  the  mouth,  and 
is  wonderfully  like  an  Annelid  larva  (Fig.  39,  t.).  The  ap- 
pendages of  Triarthra  and  Polyarthra  may  be  compared  to 
the  lateral  bundles  of  long  setse  of  the  larvsB  of  9pio  and 
Nerine,  and  the  pharyngeal  armature  is  essentially  Anne- 
lidan.  On  the  other  hand,  in  the  sessile  tubicolous  BoHfera^ 
the  trochal  disk  assumes  the  characters  of  the  lophophore  in 
the  PoJ/yzoa,  and  of  the  tentacular  circlet  of  the  Gephyrean 

•  CUpwMe  and  Metschnikoff,  *Beitrage  sur  Eenntnlas  d«r  Ent- 
wickelnngigeschiohte  der  CbaetopodcDi'  1868. 
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Phorcnii,  lianj  years  ago  I  drew  attention  to  the  points 
of  memblance  between  the  Botifera  and  the  lanree  of 
Echinoderms  (''On  Jkufiwularia  socialis,"  I,  c.)  Of  any 
SQch  doee  and  direct  relations  with  the  Crustacea,  I  see  no 
eridence;  but  Pedalion,*  with  its  jointed  setose  appendages 
and  curious  likeness  to  some  Nauplius  conditions  of  the 
lower  Onuiacea,  suggests  that  connecting  links  in  this 
direction  may  yet  be  f ound.t  In  fact,  the  Botifera,  as  low 
Metatoa  with  nascent  segmentation,  naturally  present  re- 
semblances to  all  those  groups,  which,  in  their  simpler 
fonns,  converge  towards  the  lower  Metaxoa. 

The  TsxMATODA. — ^These  are  all  parasitic,  either  upon 
tbd  erterior  (ectoparasites)  or  in  the  internal  organs  (endo- 
puasites)  of  other  animals.  Many  are  microscopic,  and 
none  attain  a  length  of  more  than  an  inch  or  two.  Most 
hare  a  broad  and  flattened  form,  one  face  being  ventral 
and  the  other  dorsal,  and  the  body  is  never  segmented. 

In  the  adult,  the  ectoderm  is  not  ciliated,  but  its  outer- 
most layer  is  a  chitinous  cuticula.  In  most  Tretnaioda,  one 
or  more  suckers  are  developed  upon  the  ventral  surface  of 
the  body,  behind  the  mouth.  These  are  sometimes  armed 
vith  chitinous  spines  or  hooks;  and  setsB  of  the  same 
character  may  be  developed  in  other  parts  of  the  body, 
especially  in  the  region  of  the  head. 

The  mouth  is  usually  terminal,  but  is  sometimes  ventral 
and  sub-central;  it  is  ordinarily  placed  in  the  centre  of 
a  muscular  sucker,  rarely  proboscidif  orm.  The  alimentary 
canal  is  never  provided  with  an  anus.    Sometimes  a  simple 


*Hiidfon,  *«On  a  )9ew  Ro- 
tifer." (*  Monthly  Microscopical 
JoniMl,'  1871.) 

t  The  linsular  marine  genoB 
Stkhnoderes  (Du^ardin)  ii  perhaps 
such  a  link.  These  are  minute 
WOTinlike  animals^  with  a  rounded 
iwsd,  followed  by  a  nnmber  (10 
or  II)  of  distinct  segments,  the 
la^t  of  wliich  is  bifurcated. 
Ihere  are  no  limbs,  but  the  head 


is  provided  with  recurred  hooks, 
and  the  body  segments  with 
paired  sets.  The  nervous 
system  appears  to  be  represented 
by  a  single  ganglion,  which  lies 
in  the  head  and  presents  eye- 
spots.  The  development  of 
Eehinodera  is  unknown.  (See 
Greef,  *Archiv  fiir  Naturge- 
schichte/  186!j.) 
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sac,  it  is  often  bifurcated,  and  occasionally  branched,  like 
that  of  the  dendroccele  IhirheUaria.  Sometimes  (AmphUincLy 
Amphiptyches)  the  alimentary  canal  is  absent ;  and,  accord- 
ing to  Yan  Beneden,  it  becomes  aborted  in  the  adult  IH$loma 
filicoUe,  The  interral  between  the  endoderm  and  the 
ectoderm  is  occupied  by  a  cellular  or  reticulated  mesoderm, 
in  which  abundant  muscular  fibres  are  developed.  The 
peripheral  muscular  fibres  form  an  external  circular  and 
an  internal  longitudinal  layer. 

The  water-vascular  system  is  well  developed,  and  may 
consist  of— (1)  a  contractile  sac,  which  opens  eztemally 
and  communicates  with  (2)  longitudinal  vessels  with  con- 
tractile non-ciliated  walls,  from  which  proceed  (3)  non-con- 
tractile and  ciliated  branches  which  ramify  through  the 
body  and  the  ultimate  ramifications  of  which  probably  end 
by  open  mouths,  as  in  the  BoHfera. 

There  is  no  pseud-hsBmal  system.  The  nervous  system 
has  not  been  discovered  in  all ;  but,  when  it  exists,  it  has 
the  same  arrangement  as  in  the  aproctous  TwheUaria. 
Eye-spots  have  been  observed,  but  no  other  sense-organs. 
With  rare  exceptions,  the  Trematoda  are  hermaphrodite, 
and  the  reproductive  organs  are  constructed  upon  the  same 
type  as  in  the  rhabdocosle  TurheUaria,  a  large  vitellarium 
being  always  present.  The  accessory  vitellus  is  included, 
in  the  form  of  numerous  pellets,  along  with  the  primitive 
ovum,  and  is  absorbed  pari  passu  with  the  development  of 
the  embryo. 

Aspidogaster  conchicola  (Fig.  40)  inhabits  the  pericaxdial 
cavity  of  the  fresh-water  mussel ;  it  is  a  very  convenient 
subject  for  examination  on  account  of  its  small  size,  and 
the  ease  with  which  it  can  be  rendered  sufficiently  trans- 
parent for  the  display  of  the  arrangement  of  its  internal 
organs,  by  the  judicious  use  of  the  compressorium.  The 
fiat  oval  body,  rounded  posteriorly,  is  produced  in  front 
into  a  truncated  cone,  on  the  face  of  which  the  mouth 
opens.  The  ventral  sucker  is  very  large,  and  its  surface 
is  subdivided  into  rectangular  areas.  There  is  no  peri- 
visceral cavity,  its  place  being  occupied  by  a  mass  of 
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■poDgj  eeUnlar  tiesTie.  The  oral  CAvitf  leade  into  an 
oral,  thick-walled,  moBciilar  pharjngeal  bnlb,  whence  an 
elongated  pjriform  sac,  which  conatitntea  the  rest  of  the 
alhnentaxj  canal,  ie  continned.  This  occapies  a  great 
part  of  the  body,  and  eitends  nearly  to  ita  posterior 
Old;  but  there  is  no  anus.  A  contractile  vacnole placed 
at  the  hioder  extremity  of  the  body  opens  ontwards  by 

Pig. «. 


Yf    ^li 


Fig.  40. — AipHki^aier  amdaeota. — A,  MTaogcment  of  the  Blimsntur 
and  TvprodnotivB  orgui ;  prafile  of  the  animal  in  oatline.  a,  month  ; 
i,  miuciilar  pharynx ;  c,  atomsch  ;  if,  geimariom ;  e,  Intainal  v*g  defe- 
noa;  /,  eonunon  TiteUarlan  duct;  g,  vitellsrium ;  h,  one  of  ita 
dncti ;  i,  it,  orjdaet ;  /,  nCcnu  ;  m,  teitii ;  o,  vagioa ;  p,  penii,  aOD- 
tfauHHu  poaterlurl;  with  the  eitcmal  vai  defereos;  B,  ODe  or  tbe 
IMaral  eontnotila  vaHcli ;  C,  ramlfl<:stit>Di  of  the  dilated  vmeU. 

a  small  pore  (Fig.  41,  a),  and  gives  off  two  lateral  con- 
tractile non-ciliated  canals  (6),  which  pass  to  tiie  anterior 
end  of  the  Tcntral  sucker  and  there  end  blindly ;  bnt  before 
reaching  this  termination  each  gives  off  a  non-contractile 
eilialed  Teasel,  (Pig.  41,  c)  which,  on  arriving  at  the  pbaryni, 
tnnu  backwards  and  ramifies  throagh  the  body.  The  cilia 
jiimiTiiali  towards  the  extremities  of  these  Tessels, — the  ter- 
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minatioDB  of  the  oorrMponding  canals  in  the  Sot^era  being, 
on  the  contrary,  richly  ciliftt«d.  No  nerree  have  as  yet 
been  found  in  Atpidogaaler. 

As  in  moat  Tremaioda,  the  genitalia  (Figs.  40  and  43)  form 
a  large  part  of  the  yiscera,  and  the  structure  of  the  oom- 
plei  hermaphrodite  apparfttua  ie  in  some  respects  ao  peca> 
liar,  that  it  is  needfnl  to  describe  it  in  detail.  It  consists 
of— 1.  The  gennarium.  2.  The  Titellarium.  3.  Theovidnct. 
4.  The  uterus  and  vagina.  5.  The  common  Testibnla  6. 
The  testis.    7.  The  Tasa  deferentia,  internal  and  exteroaL 

Kg.  41. 


D  of  thlj  trunk;  B,odb  of 

8.  The  penis  and  its  boc.  The  ovary  (d)  is  the  anterior  of 
two  rounded  maases  lying  in  the  Backer.  At  first  eight  it 
appears  to  be  OTal,  bnt  it  is,  in  fact,  pyriform,  the  larger 
end  being  anterior,  while  the  posterior  narrower  ertremity 
is  bent  backwards  beneath  the  anterior  end.  Before  it 
reaches  the  anterior  extremity  of  the  maas,  however,  it  is 
bent  sharply  back  again,  parallel  with  itself,  and  so  passes 
into  the  oTiduct  (Fig,  40,  t).  The  orary  is  swrounded  by 
a,  delicate,  bnt  strong,  coat,  enclosing  a  mass  of  transpa- 
rent protoplasm.  At  the  anterior  end  of  the  OTary  minate 
gramiles  are  scattered  through  this  substance,  and  are  oc- 
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casionallj  surrounded  by  a  faint,  clear  area  (Fig.  43,  A  1)« 
These  are  the  mdimentary  germinal  spots  and  vesicles  of  the 
fatore  OTa,  the  conrse  of  whose  development  maybe  readily 
traced  by  -working  from  the  anterior  to  the  posterior  ex- 
tremity of  the  ovary.  The  germinal  spots  become  larger, 
and  gradually  assume  the  appearance  of  vesicular  nuclei ; 
while  the  clear  area  around  them  in  like  manner  becomes 
larger,  and  acquires  more  and  more  the  appearance  of  a 
cavity.  While  this  cavity  is  small,  it  has  no  distinct  wall, 
but,  as  it  enlarges,  the  contour  of  the  wall  becomes  dis- 
tinctly marked  (Fig,  43,  A  2,  3,  4).  On  examining  the  ovary 
close  to  the  commencement  of  the  oviduct,  a  division  of 
thehomogeneoui.  protoplasmic  basis  or  matrix  of  the  ovary 
into  areas  surrounding  each  germinal  vesicle  becomes 
obvious.  On  the  application  of  pressure,  the  matrix  breaks 
np  into  masses  corresponding  with  these  areas  in  size, 
which  are  very  flexible,  but  when  left  to  themselves  assume 
a  rounded  or  oval  form,  and  have  all  the  appearance  of 
perfect  ova,  except  that  they  possess  no  vitelline  mem- 
brane, and  that  the  yelk,  instead  of  being  granular,  is 
clear,  and  comparatively  small.  These  primary  ova,  as 
they  may  be  termed,  become  detached,  and  pass  into 
the  oviduct.  Here  they  are  fecundated,  and,  becoming 
surrounded  by  a  great  mass  of  accessory  yelk,  and  a  shell, 
gradually  acquire  the  appearance  of  the  complete  ova. 

The  accessory  yelk  is  the  product  of  the  vitellarium — a 
large  double  gland  consisting  of  a  number  of  oval,  pyri- 
form,  or  irregular  granular  masses  placed  on  each  side,  at 
the  junction  of  the  sucker  with  the  body  (Fig.  40,  g), 

lliese  masses  appear  to  be  quite  independent  of  one 
another ;  nor  do  they  at  first  present  any  obvious  commu- 
nication with  the  genitalia ;  but  if  the  oviduct,  just  after  it 
becomes  free  from  the  ovarium,  be  examined,  it  will  be  found 
to  receive  a  short  duct  (Fig.  42,  /),  filled  with  strongly  re- 
fracting granules  of  the  same  nature  as  those  in  the  vitel- 
larium. Tliis  duct  is  enlarged  posteriorly,  and  then  divides 
into  two  ducts  filled  with  the  same  matter,  which  take  a 
direction  towards  the  vitellarium,  but  can  be  traced  no 
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forUier  than  they  oontain  grannies  (Fig.  42).  Sj  the 
CAreftil  aj^lioation  of  preesore,  howerer,  the  granules  maj 
be  forced  from  the  ritellariam,  througli  an  anterior  and 
posterior  branah  apon  eaob  side,  into  these  dncts. 

The  oridact  (Fig.  42,  t)  ia  richlj  ciliated  internally;  it 
is  Bt  first  applied  to  the  under  surface  of  the  ovarium, 
and  when  it  becomes  free  it  receives  a  cazial  (e),  which 
maf  be  traced  back  to  the  testis,  and  which  would  appear 

Fig.  43. 


Fig.  43. — A^idagailer  CDadticob.— Beprodaatlve  orgaas  On  a  larger 
*e>te,  Lett«n  m  In  Fig.  40.  The  oommencemaDt  of  the  external 
VMdeferani  leaeen  behind  the  litellailaa  duau. 

to  correspond  with  the  internal  vaa  deferens  of  other 
Tremaloda  described  by  Ton  Siebold.*  This  canal,  how- 
ever, presents  no  dilatation,  or  internal  veaicula  Beminnlis. 
The  oviduct  neit  receives  the  dnct  of  the  vitellarinm,  and 
then  becoming  mnoh  convoluted  {k),  and  rapidly  -widen- 
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ing,  passes  into  the  litems  (2),  a  wide  tube,  which  runs 
forwards,  disposed  in  manj  undalating  curves  (Fig.  40,  Z), 
to  terminate  on  the  left  side  of  the  anterior  part  of 
the  body,  close  to  the  male  organs.  Posteriorly,  the  walls 
of  the  uterus  are  thin;  but  in  its  anterior,  or  yaginal, 
part  they  become  thick  and  muscular.  The  genital  vestibule 
into  which  the  vagina  opens  is  very  smaU. 

The  testis  (m)  is  an  oval  body  of  the  same  size  as  the 
ovarium,  and  situated  just  behind  it.  Minute  water- vessels 
ramify  upon  it,  as  upon  the  ovarium ;  and  it  contains  a 
granular  and  cellular  mass,  but  no  spermatozoa.  The 
external  vas  deferens  (Figs.  40  and  42)  is  a  delicate  duct, 
which  passes  forwards  and  comes  into  contact  with  the 
ovarium,  without,  however,  so  far  as  I  could  observe,  com- 
municating with  it  or  with  the  oviduct;  it  then  bends 
backwards  and  upwards,  passing  between  the  anterior  vi- 
tellarian  masses  into  the  fore  part  of  the  body.  Here  it 
suddenly  becomes  about  twice  as  wide  as  before,  and  runs 
forwards,  as  an  undulating  thick  tube,  to  the  penis  (Fig. 
40,  p),  a  short  and  conical  body,  occupying  the  bottom  of  a 
large  pyriform  sac,  which  opens  in  common  with  the  uterus. 
The  spermatozoa  are  linear. 

The  development  of  the  ova  presents  many  very  interest- 
ing peculiarities  (Fig.  48).  Above  the  junction  of  the  duct 
of  the  yiteUarium  with  the  oviduct  the  contents  of  the  latter 
were  pole  and  dear,  and  presented  no  formed  particles 
beside  the  primary  ova  which  had  just  been  detached  from 
the  ovarium  (Fig.  43,  0).  Below  the  insertion  of  the  vitel- 
larian  duct,  however,  the  oviduct  was  full  of  granules  like 
those  in  the  vitellarium,  mixed  up  with  ova  in  a  more  ad- 
vanced state.  In  the  smallest  of  these  (Fig.  43,  D),  the 
shdl  of  the  ovum  had  commenced,  but  was  incomplete  at  one 
end.  At  the  opposite  extremity,  it  enclosed  a  mass  of  irre- 
gularly aggpregated  vitelline  granules,  which  covered  almost 
one-hsJf  of  a  round  pale  mass,  not  larger  than  one  of  the 
primary  ova;  in  which, however,  three  nuclei  (two  of  which 
were  very  close  togeth^,  as  if  they  had  just  divided)  were  to 
be  distinguislied.    In  more  advanced  ova  the  shell  was 
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complete,  but  either  colourless  or  of  a  very  pale  brown  hue. 
In  some  of  these  the  primary  ova  contained  many  nuclei 
and  were  imbedded  in  and  surrounded  by,  a  confused  mass 
of  accessory  yelk  g^ranules ;  while  in  others  these  granules 
were  aggregated  into  a  number  of  reg^ular  spheroidal  masses 
(Fig.  43,  B). 

As  development  proceeds,  the  accessory  yelk-masses  g^ra- 
dually  disappear ;  the  primitive  ovum,  now  become  the  ho- 


Fig.  43. 


# 


Fig.  iS.—Afpidogatter  ooHchioola.—A,  section  of  the  ovary ;  1,  its  an- 
terior end ;  1>,  i^erminal  spot  surrounded  by  a  distinct  wall ;  S,  4,  a 
complete  germinal  vesicle  and  spot ;  C,  a  primary  ovum ;  D,  young 
state  of  a  complete  ovum :  the  primary  ovum  partially  surrounded 
by  yelk  granules  and  a  shell ;  B,  complete  ovum,  with  the  accessory 

relk  aggregated  into  spheroids;  £,  vacuolated  embryonic  mass; 

fy  embryo. 


¥, 


mologue  of  the  blastodermic  disk  or  vesicle  in  other  animals, 
to  all  appearance  increasing  at  their  expense.  At  the  same 
time,  clear  rounded  vacuoles  in  various  numbers  appear  in 
its  substance;  but  the  naclei  of  the  germ,  though  very 
minute,  can,  with  proper  care,  be  readily  detected  between 
these.  In  the  final  stages  the  shell  becomes  browner,  the 
vacuoles  and  granides  disappear,  and  the  substance  of  the 
embryo  appears  homogeneous.    But  if  carefully  examined. 
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the  minute  nuclei  become  visible,  especially  if  water  be 
allowed  to  act  on  the  tissue,  and,  if  the  shell  be  burst, 
and  its  contents  poured  out,  thej  readily  break  up  into 
small  but  well-marked  cells,  each  with  its  nucleus. 
At  the  same  time,  the  embryo  takes  on  a  form  not  yery 
distantly  resembling  that  possessed  by  the  adult;  into 
which  it  eventually  passes  without  any  metamorphosis.* 

Thus  it  appears  that,  in  Aspidogaffter,  the  ovarium  gives 
rise  to  primary  ova^  which  pass  down  the  oviduct  and 
become  fecundated,  either  by  the  spermatozoa  conveyed 
by  the  internal  vas  deferens,  or  by  those  received  by  the 
vagina  when  copulation  with  another  individual  or,  pos- 
sibly, self -impregnation,  occurs;  that,  next,  the  essential 
part  of  the  process  of  "yelk-division"  takes  place,  the 
germinal  spot  dividing  and  subdividing,  and  the  primary 
ovum  becoming  in  this  way  converted  into  the  spheroidal 
blastoderm;  that,  contemporaneously,  the  blastoderm  be- 
comes invested  by  the  accessory  yelk  granules  poured  in  by 
the  vitellanan  duct,  and  by  a  shell ;  that  the  accessory  yelk 
arranges  itself  into  spheroidal  masses,  which  probably 
supply  the  blastoderm  with  the  means  of  its  constant  en- 
largement ;  and  that,  finally,  the  accessory  yelk  disappears, 
and  the  blastoderm  becomes  converted  into  the  embryo. 

The  modifications  exhibited  by  other  Tremcttoda  concern 
the  number  of  the  suckers,  of  which  there  are  usually 
several  in  the  ectoparasites,  but  not  more  than  one  in  the 
endoparasites ;  their  support  on  a  chitinoas  framework,  or 
the  addition  to  them  of  spines  or  booklets,  similar  to  those 
of  Ceat&idea  or  Acanthoeephala :  the  bifurcation  of  the  intes- 
tinal canal,  and  the  ramification  of  its  branches,  so  that  the 
forms  of  the  alimentary  apparatus  repeat  the  two  extremes 
obeerved  in  the  aproctous  TurheUaHa;  the  existence  of 
two  nervous  ganglia  with  a  single  transverse  commissure 

*  The  sabetance   of  this  ac-  Beneden   has    recently    thrown 

eoQnt  of  the  structare  and  de-  much  light  on  the  mode  in  which 

▼dcwtnent  of  AtpidttgtuUr,  with  the  ova  of   the    Trematoda  are 

the  illostratiye  fignres,  was  pub-  formed    and    developed    in   his 

lished  in    1856  in    The  Medical  *Kecherches  sur  la  composition 

TimeM  and  QazHU,    M.  £.  van  et  la  signification  de  TOBuf.' 
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in  maaj ;  and  the  oocaeional  presence  of  senBorj  organs 
(eje-apote).  The  non-contractile  canals  of  Bome  genera  are 
destitute  of  cilia,  except  at  their  inner  terminations. 

The  Tariationa  of  the  reproductire  organs  are  rather 
of  position  than  of  stmctnre.  Dicecious  Trematodea 
are  very  rare,  the  most  important  being  th«  formidable 
BUhania,  the  male  of  which  is  the  larger  and  retina  the 
female  in  a  gyntecophora,  or  canal,  which  is  formed  by  the 

Fig.  44. 


enoluliig  tha  looid,  (ft,)  repreaent«d  free  in  B  (nftor  Biebold' 
--'-■-    ar  king",  yellow  ■• •   ""-' ■■' —    ' 


»  (■>> 


__      _  n  of  Dittona  paeijSaim,  oontrntning 

geriDi  of  other  Amu  ;  D,  Btdia  coDUlning  Ceratria  (a) ;  E,  Ca^ 
carta ;  F,  Biiinma,  which  retulU  from  the  metuuorphoili  of  the 
Cmaria.    (After  Steeuatrup.) 

infolding  of  the  margins  of  the  oonoaTe  side  of  the  body. 
Bilhartia  hu  neither  intromittent  organ  nor  seminal  pouch, 
and  the  history  of  its  development  has  not  been  traced  be< 
yond  the  escape  of  a  ciliated  embryo  from  the  ovnm.  This 
parasite  is  found  in  the  blood  vessels  of  man,  chiefly  iit 
those  of  the  urinary  organs,  the  ova  escaping  from  the 
body  through  the  ulcerated  surfaces  to  which  the  parent 
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giTes  rise.  In  the  ectoparasites,  the  embryo  passes  into 
a  form  identical  with  or  dosely  resembling  that  of  the 
parent  while  still  within  the  egg^  as  in  Atpidogtuter,  When 
this  happens  {e,g,  Distoma  variegahwi,  D,  ieretieoUe),  the 
one  end  of  the  embryo  is  often  provided  with  spines,  and 
it  is  capable  of  slow  creeping  moyements.  But,  in  most 
of  the  endoparasites,  the  embryo  leaves  the  parent  as  a 
morola,  which  is  nsnally  ciliated.  Thus,  in  DUtoma  lanceO' 
latum,  D.  he^paitiewtih  and  Monodomvm  mutabUe,  the  embryo 
which  escapes  from  the  egg  has  a  ciliated  investment,  which 
propels  it  rapidly  through  the  water,  and  may  be  provided 
with  eyespots  and  water-vessels  (Fig.  44,  A).  On  becoming 
attached  to  the  animal  upon  which  it  is  parasitic,  the  embryo 
of  Mcnostom/utm  gives  exit  to  a  larva,  having  the  form  of  a 
crlindiical  sac  with  two  lateral  prolongations  and  a  taper- 
ing taiL  The  BediOj  as  this  form  is  called  (Fig.  44,  B,  0),  has 
a  month  and  a  simple  csecal  intestine,  but  no  other  organs. 
In  its  cavity  a  process  of  internal  gemmation  takes  place, 
giving  rise  to  bodies  resembling  the  parent  in  shape,  but 
deatitate  of  reproductive  organs,  and  furnished  with  long 
tails,  by  which  they  are  propelled.  These  creatures,  called 
CereariAB  (Fig.  44,  E),  escape  by  bursting  through  the  Redm, 
and,  after  a  free  swimming  existence,  penetrate  the  body 
of  some  other  animal,  their  taik  dropping  off.  They 
then  become  encysted,  and,  under  suitable  conditions, 
aasnme  the  adult  form,  and  develope  reproductive  organs 
.Fig.  44,  F). 

The  cycle  of  forms  through  which  Bidoma  miUtare  passes 
has  been  nearly  completely  traced,  and  may  be  briefly  stated 
as  follows.  1st.  The  parent  form,  whose  habitat  is  the  in- 
testines of  water-birds,  bears  on  its  anterior  extremity  two 
alternating  circles  of  larger  and  smaller  booklets,  and  a 
few  others,  irregularly  disposed.  Rings  of  papillsB  give  the 
centre  of  the  body  an  aantdated  aspect.  The  mouth,  almost 
terminal,  leads  into  the  long  straight  digestive  csBCum. 
The  generative  oi^ans  are  similar  to  those  of  Aapidog€uter ; 
the  testes  are,  however,  double,  and  lack  the  internal 
vas  def erena.    The  ova  are  few,  eight  or  ten  in  number. 
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2nd.  Prom  eacli  OYuin  issues  a  ciliated  larra,  sbowing  the 
rudiments  of,  3rd,  a  Bedia,  but  the  mode  of  development  of 
the  latter  has  not  been  fully  traced.  The  perfect  Media  is 
found  attached  to  the  bodj  of  a  water  snail  (Paludina), 
the  ciliated  investment  having  disappeared.  It  consists  of 
a  sac,  within  which  is  suspended  a  tubular  bag,  containing 
coloured  masses,  probably  alimentary.  Anteriorly,  the 
head  is  represented  by  a  kind  of  crown,  in  which  no  oaso- 
phagus  exists  as  yet,  and  not  far  from  the  posterior  ex- 
tremity the  two  lateral  projections,  characteristic  of  Disto- 
matous  Reddas,  appear.  During  the  rapid  growth  of*  the 
zooid,  the  head  becomes  marked  off  by  a  constriction,  and 
a  month  and  gullet,  with  a  pharyngeal  dilatation,  admit 
aliment  to  the  digestive  sac.  In  the  body  cavity,  external 
to  this  sac,  vesicles  appear,  rapidly  increase,  and  take  the 
form  of  CercaricB  i  the  Bedia  bursts,  and  these  new  zooids 
are  set  free.  4th.  The  Cercaria  has  a  long  tail  with  lateral 
membranous  expansions,  by  means  of  which  it  swims  after 
the  fashion  of  a  tadpole.  The  pharyngeal  bulb  is  fol- 
lowed by  an  oesophagus,  which,  opposite  the  ventral  sucker, 
divides ;  the  two  branches  ending  in  a  ceecum  on  either 
side  of  the  contractile  vacuoles  of  the  water-vascular 
system.  These  are  median,  the  terminal  quadrate  chamber 
opening  into  an  anterior  circular  one,  whence  are  given 
off  the  two  main  canals  which  traverse  the  body  longi- 
tudinally, and  are  then  lost.  5th.  After  swimming  about 
freely  for  a  while,  the  Cercaria  fixes  itself  upon,  or  bores 
its  way  into,  a  Palvdina ;  the  tail  dropping  off,  and  the 
body  coating  itself  with  a  structureless  cyst,  in  which  it 
remains  quiescent,  but  undergoes  some  further  advances 
in  development,  the  coronal  booklets  making  their  appear- 
ance. 6th.  When  a  Pcdndinay  thus  infested,  is  swallowed  by 
a  water  bird  and  digested,  the  cysts  are  set  free  in  the 
alimentary  canal  of  the  bird ;  sexual  organs  appear  within 
the  included  Dietoma ;  the  body  elongates  and  narrows  an- 
teriorly ;  the  sucker  moves  nearer  the  head,  and  the  coronal 
circlets  reach  their  full  development.  The  DUtoma  gra- 
dually assumes  the  form  of  the  pai'ent,  attaches  itself  by 
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ita  liooUet*  to  the  mtcetiiial  waUa,  and  aoqnirea  complete 
•exoftl  organs.*  Thiu  the  deTelopmental  stagea  of  DUloma 
nnUare  maj be  Boinmed  ap,  as:  1.  Giiiat«dlarTa.  2.  Bedia. 
3.  Crrearia.  i.  Cerearia,  tail-leaa  and  encyated,  or  mcom- 
plet«  Ditloma.    5.  Perfect  Dutoma. 

The  Btag««  of  tnnaition  vary  is  different  genera.    Thne, 
aerenl  generatioiui  of  Bedia  m&j  interrene  between  tbe 


Fig.  4S.  —  Bitetphalai  po^rmerpimt  of  the  fresh-mter  muuel.  A, 
rmBilfied  iporocjit;  B,  parlloii  of  (ha  nine  more  miigniSBd,  a, 
outer  ooat,  b,  limn;  c,  a,  gerta  muaea  In  etmnt  of  dorelopnient ; 
C,aD*  sf  lh«  germ  musa  more  highly  mignifled ;  D,  Sucg/Ai^si, 
a,  b,  tacktn ;  c,  clemr  «Tit;  -,  d,  caudal  appendagn. 

third  and  fourth  etagea ;  or  the  mature  animal  maj  appear 
at  the  cloee  of  thia  stage,  having  ondergone  no  Cercarian 
metamorphoaia . 

In  Btuxphdlug  polymorphiu,  a  parasite  of  the  freah-water 

mnaael  (Fig.  ^)>  two  caudal  appendages,  which  aeem  to 

coireapond  with  the  tail  of  the  ordinarj  Cerearim,  become 

*  TBDBaKdni,'lUmatranirlc«TanlDteitlD*ax.' 
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enormonalj  elongated.  They  are  eonyerted  into  ramified 
tubes  called  qxjroeysts,  whicH  sometimes  occupy  all  the 
interspaces  of  the  yiscera  of  the  mnsseL  These  derelope 
new  Bfieephali  by  internal  gemmation.  The  Trematode 
condition  appears  to  be  the  genus  Ocuisrogtonwm,  which 
inhabits  fresh-water  fishes. 

The  Sporocysts,  Bedi»,  and  Gercarisa,  free  or  encysted, 
are  found  almost  exclusiyely  in  invertebrated  animals, 
whjie  the  corresponding  adult  Trematodes  are  met  with  in 
the  yertebrated  animals  which  prey  upon  these  Inveriebraia, 

The  singular  double-bodied  Di/phtoon  paradoxwn  has 
been  shown  by  Yon  Siebold  to  result  from  a  sort  of  conju- 
gation between  two  indiyiduals  of  a  Trematode,  which,  in 
the  separate  state,  has  been  named  Diporpa.  The  IHporpcBj 
when  they  leaye  the  egg,  are  ciliated  and  proyided  with  two 
eyespots,  with  a  small  yentral  sucker  and  a  dorsal  papilla. 
After  a  time  the  Diporpce  approach,  each  applies  its  yentral 
sucker  to  the  dorsal  papiUa  of  the  other,  and  the  coadapted 
parts  of  their  bodies  coalesce.  They  acquire  fully  deyeloped 
sexual  organs  only  after  this  tmion.* 

Gyrodadfylvs  multiplies  agamically  by  the  deyelopment  of 
a  yotmg  Trematode  within  the  body,  as  a  sort  of  internal 
bud*  A  second  generation  appears  within  the  first,  and 
eyen  a  third  within  the  second,  before  the  young  Oyro* 
dactylu8  is  bom. 

The  Oestoibea. — The  Tape-worms  are  all  endoparasites, 
and,  in  their  adult  condition,  infest  the  intestines  of  yerte- 
brated animals. 

The  simplest  form  known  is  Caryophylkm8,f  found  in 
fishes  of  the  Carp  tribe.  It  has  a  slightly  elongated  body, 
dilated  and  lobed  at  one  end,  so  as  to  resemble  a  cloye, 

*    Zeller,     <<  TJptersaobungen  indebted  for  information  respect- 

fiber     die     Ent^clcelong    des  ing    this  and    other  'genera   of 

Diplozoon  paradoxum."    (*  Zeit-  Ctgtoidea  which  have  not  fallen 

flchrift  ffir  Wise.  Zoologie,'  1872.)  under  my  own  obeeryation.   Abo 

t  See  the' Memoire  Buries  Vers  Leurkart,     'Die    Menachlichen 

Intestinanx,'  1858,  by  M.  P.  J.  Parasiten,'  1863;  and   Gobbold, 

yan  Beneden,  to  wnich  1  am  muoh  *  Entosoa,' 
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irluaioe  the  name  of  tlie  geniu.  In  Btmotnre  it  resembles 
1  Trematode,  deroid  of  kdj  trace  of  an  alimentaij  canal, 
bat  prorided  iritli  the  characteristic  Tater-TaBcnlar  aTStem 
and  with  »  single  set  of  hermaphrodite  reprodnctire  organs. 
In  Lignla,  th«  boAj  is  much  elongated,  and,  at  the 
bad  end,  exhibits  two  lateral  depressions.  It  is  not 
liirided  into  segments,  bat  there  are  nnmeronB  seta  of 

Fig. «. 


Fk.  46. — IHagiam  of  the  ttmetaie  of  a  Cestoid  wonn,  with  onl;  one 
K^ot,  The  paritioD  of  the  books  of  a  Xnio,  iDd  of  one  of  th«  pro- 
DOKidei  of  a  TtfrxrAyncbu  li  Indicated.  A,  head  and  neck;  B, 
HpBent  of  the  body  eoneBponding  with  a  pnglfMit ;  a,  nateJhan  ; 
K  nstrilw  qilnet  (Tmia);  c,  i^.  c",  BpluoM  evanlble  proboeeia 
(  THraHifmcAiu)  ;  d,  (ucker ;  e,  gaogllon  (?) ;  /,  lateral,  and  p.  oironlar 
nter  veaael ;  h,  runlfleationi  of  the  water  veeeele ;  i,  ■■ucIomodDg 
tniak ;  i,  oontiactlle  vamole ;  I,  genital  reitlbule ;  m,  penie  and  tbs 
defemu ;  ■,  vagina ,  o,  coniinon  cavity  and  ntiicida  winniafi't  nfarwr  ; 
p,  oraij ;  q,  ntarni ;  r,  iltellatian  duct. 

Benol  organs  arranged  in  longitudinal  Beries.  The  open- 
ings of  the  genital  glands  are  sitTiated  in  the  middle  line  of 
the  hoAj.  These  parasites  inhabit  Fishes  and  Amphibians, 
M  well  as  water  birds,  but  thej  attain  their  sesnal  state 
')nlj  in  the  latter. 
bi  the  more  ^ical  Cftoidta  the  bod;  is  elongated,  and 
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presents,  at  one  end,  a  bead  provided  witb  suckers,  and  yerj 
generally  with  chitinous  hooks,  either  disposed  circnlarly 
aroond  the  summit  of  the  head,  or  upon  proboscidiform 
tentacles,  which  can  be  retracted  into,  or  protruded  from, 
the  head.  Sometimes  the  head  is  produced  into  lobes ;  and 
veiy  generally,  when  lobes  or  tentacles  exist,  they  are  four 
in  number,  and  are  disposed  symmetrically  round  the  head. 
A  short  distance  beyond  the  latter,  the  slender  body  widens 
and  becomes  transversely  grooved,  so  as  to  be  marked  out 
into  segments.  Longitudinal  water-vessels  run  parallel 
with  one  another  through  the  body,  and  are  connected  by 
transverse  trunks  in  each  segment,  and  by  a  circular  vessel 
in  the  head.  In  Bothrwc^hcdus  UUus,  the  principal  trunks 
are  occupied  by  a  spongy  reticulated  tissue. 

In  most  of  the  tape-worms,  innumerable,  solid,  strongly 
refracting  corpuscles  are  scattered  through  the  substance 
of  the  body  (Fig.  48,  A).  It  is  probable  that  these  are  more 
or  less  calcified  connective  tissue  corpuscles.  Similar  bodies 
which  occur  in  some  Trematoda  were  found  by  Olapar^e 
to  be  lodged  in  dilated  ends  of  the  water- vessels,  but  it  would 
appear  that  they  are  not  so  situated  in  the  Cestaidea* 

The  distance  between  these  transverse  grooves,  and  their 
depth,  increase  towards  the  hinder  end  of  the  body ;  and  ea^sb 
segment  is  eventually  found  to  contain  a  set  of  male  and 
female  organs.  The  genital  organs  are  constructed  upon  tbe 
eame  general  plan  as  those  of  the  Trematoda,  but  the  uterus, 
as  it  fills  with  ova,  usually  takes  the  form  of  a  ramified  sac. 
At  the  extreme  end  of  the  body,  the  segments  become 
detached,  and  may  for  some  time  retain  an  independent 
vitality.  In  this  condition  each  segment  is  termed  a  pro- 
glottis ;  and  its  uterus  is  full  of  ova. 

The  embryo  is  developed  in  these  ova  in  the  same  way  as 
in  the  Trematoda;  and,  as  in  the  latter  group,  it  may  either 
be  ciliated  (as  in  Bothriocephalus)  or  non-ciliated,  which 

*  Sommer  and  Landois,  ''Ueber  logie/  1872.)  Leuckart,  however 

den  Bau    der    geschlechUreifen  maintains  the  contrary  opinion' 

Glieder  you  Bdhriocephaltu  /a-  *Die  Menechlichen  Parasiten  '  i>' 

#«#."  (*  Zcitechrift  fur  WiM.  Zoo-  175,  '  ^' 
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last  is  tbe  more  usiial  case.  The  embiyo  is  a  solid  morula, 
on  one  face  of  whicli  four  or  six  chitinotis  hooks,  disposed 
sjmmetarically  on  either  side  of  a  median  line,  are  deve- 
loped. 

If  the  egg  is  placed  in  appropriate  conditions,  the  hooked 
embryo  emerges  from  the  shell,  and  rapidly  increases  in 
size.  After  a  time,  a  cayity  appears  in  the  midst  of  the 
cells  of  which  the  morula  is  composed,  and  a  chitinous 
cnticnla  is  developed  upon  the  outer  surface  of  the  embryo. 
Ramified  water- vessels  make  their  appearance  in  the  wall 

Fig.  47. 


Fig.  47. — DiagniiDt  illiutrative  of  the  relation  between  Tatnioj  Cysti' 
eerau,  Ceeminw,  and  Echinoeocau.— JL,  B,  young  Taada  in  the  Scolex 
ttage,  the  latter  with  an  enlarged  reeeptacubim  ScoHeis^  into  which 
the  head  and  neck  are  withdrawn  in  C,  CyUicereut ;  D,  Ccmtms ; 
£,  hypothetical  condition  of  EckinococcuM,  in  which  **■  Taenia  heads  " 
we  developed  only  on  the  inner  surface  of  the  primary  cyst;  F, 
Eehimoeoceus  with  secondary  cysts ;  G,  embryo  Taenia  (after  Stein). 

of  the  spheroidal  sac  thus  formed,  and  in  some  cases  open 
by  an  external  pore.  There  is,  therefore,  a  very  close 
resemblance  between  this  cestoid  embryo  and  the  sporocyst 
of  a  Trematode. 

When  the  saccular  embryo  has  attained  a  certain  size,  a 
thickening  and  invagination  take  place;  usually  at  one 
vTcntia),  sometimes  at  many  {Ccmurus,  EchinoeoeetLs),  points 
of  its  wall.  The  invagination  of  the  wall  elongates  inwards, 
and  becomes  a  csecum,  the  cavity  of  which  opens  outwards. 
At  the  bottom  of  the  interior  of  this  csBcum,  and  therefore 

p 
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on  what  is  morphologically  its  external  surface,  the  hooks 
of  thoae  species  which  poeaesB  them  are  dereloped,  while, 
upon  the  aide-walls,  elerations  arise,  which  become  con- 
verted into  ancbers.  The  CKcnm  is  next  evaginated  or  turned 
inside  ont,  and  the  embryo  has  the  form  of  a  pbiul,  of 

Fig.  48. 


Fig.  *8.— ieiuMKOfrtu  orfmnonmi. — A,  "  Teni*  hen],"  or  Scokx  •  a 
nooka;  A.saeken;  c,  cilia  in w&lei' v«M«la;  i<, oval, strongly  refract- 
ing particles,  B,  ringic  hoohi;  C,  portion  of  the  «iinio  cj-nt,  o  ■ 
with  the  Inner  membniunu  primary  ef>t,&;fuid  e,  Seo/icta  derclop^ 
ing  from  ita  inner  lurface ;  d,  a  ■esondaiy  eyat. 

which  the  eT^;inated  Cfficnin  forms  the  neck.  Round  its 
apex  are  the  hooks,  and  below  these  the  mckerv,  forminK  a 
complete  Oestoid  head ;  while  the  sac  answers  to  the  bodj 
of  the  phial.  The  original  hooka  ot  the  embrjo  are  cast 
off  in  the  coiOBe  of  this  process. 
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If  the  eggB  of  the  Tape-worm  haye  passed  into  the  alimen- 
taiy  canal  of  an  «ninrn>.1  in  which  the  worm  is  nnable  to 
attain  its  seznal  condition,  the  hooked  embryo,  as  soon  as 
it  is  hatched,  bores  its  way  through  the  walls  of  the  alimen- 
tary canal,  and  eventnaUy  becomes  lodged  in  the  connective 
tissae  between  the  mnscles,  or  in  the  liver,  or  in  the  brain 
or  eye.  Here  it  goes  through  the  changes  which  have  been 
described,  and,  generally,  the  sac  undergoes  very  great  dila- 
tation. The  region  of  the  wall  of  the  sac  to  which  the 
cestoid  head  is  attached  becomes  invaginated,  and  thus 
is  enclosed  within  a  chamber,  the  parietes  of  which  are 
really  constituted  by  the  outside  of  its  own  body.  In  this 
condition,  the  animal  is  what  is  termed  a  CysHe  worm,  or 
bladder-worm ;  and  when  there  is  only  one  head  it  is  a 
CysHeereua,  In  the  genera  Ccenurus  and  Eehinoeoecus  the 
cystic  worm  has  many  heads ;  and,  in  Eehinoeoecus,  the  struc- 
ture of  the  cystic  worm  is  still  further  complicated  by  its 
proliferation,  the  result  of  which  is  the  formation  of  many 
bladder-worms  enclosed  one  within  the  other,  and  contained 
in  a  strong  laminated  sac  or  cyst,  apparently  of  a  chitinous 
nature,  secreted  by  the  parasite  (Fig.  48). 

In  the  Oystic  condition,  the  Tape- worms  never  acquire 
sexual  organs ;  but,  if  transported  into  the  alimentary  canal 
of  their  appropriate  hosts,  the  heads  become  detached  from 
the  cysts,  and,  rapidly  growing,  give  rise  to  segments,  which 
become  Beroal  proglottides.  The  Tape- worms  are  rarely  met 
with  in  both  the  cystic  and  cestoid  conditions  in  the  u:i?.;o 
animal ;  but  the  cystic  form  is  found  in  some  creature  which 
serves  as  prey  to  the  animal  in  which  the  cestoid  form 
occurs.    Thus : — 

Oystig  Fobm.  Oestoid  Form. 

CytHcerevts  eeUiUoscB.  Tcenia  solium, 

(Muscles  of  the  Pig)  (Man) 

Chfgtieereus  —  ?  TcBtida  medioccmeUaia, 

(Muscles  of  the  Ox)  (Man) 

OysHeereug  pisiform^.  Tcenia.  serraia, 

(liver  of  the  Babbit)  (Dog,  Fox) 
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Ctstic  Fobm.  Cestoid  Fobm. 

Cyetieercua  faaeiolaris.  ToBwia  crcuncoUia. 

(Liver  of  Bats  and  Mica)  (Cat) 

Ccenurue  cerehrcdia.  Tamiu  ccenunu. 

(Sheep's  brain)  (Dog) 

Echinocoecus  veterinorum.  Toenia  Eehinococcus. 

(Liver  of  Man  and  of  (Dog) 
domestic  TJngulata) 

The  embryo  of  Tcenia  cucumerina  passes,  in  the  body  of  the 
Dog-louse  {Trickodectea  cania),  into  a  Oyaticercoid,  or  minnte 
tmjointed  and  sexless  Taenia,  without  any  terminal  dilata- 
tion. The  dog  devours  the  loose  and  the  Cysticercoid 
becomes  a  Tcenia  cucumerina  in  his  intestine.  The  eggs  of 
the  ToBnia,  contained  in  f  sdces  adherent  to  the  hair  of  the 
dog,  are  in  turn  devoured  by  the  louse,  and  thus  the  *'  vicious 
circle  "  of  parasitism  is  maintained. 

The  cystic  Tetraphyllidea  frequent  osseous  fishes,  their 
sexual  maturity  being  attained  in  the  bodies  of  Pla^o- 
stomes.  The  head  is  provided  with  four  suckers,  or  lobes, 
which  may  be  stalked  and  unarmed,  as  in  Echeneibotkrium, 
or  furnished  with  booklets  as  in  Acamthohothriwn ;  while,  in 
Tetrarhynchibs,  four  proboscidiform  tentacles,  thickly  act 
with  booklets,  are  retracted  into  sheaths  alongside  of  the 
suckers  (Fig.  46). 

The  Diphyllidea  have  two  suctorial  disks,  two  armed 
rostellar  prominences,  and  a  collar  of  booklets  on  the  neck. 

The  migrations  of  the  PaeudophyUidea  are  chiefly  from 
fishes  and  amphibians  to  water  birds,  one  genus  {Bothrio- 
cephalua)  containing  species  which  enter  the  human  body, 
probably  in  the  flesh  of  fresh-water  fishes.  The  head  has 
neither  suckers  nor  lobes,  but  is  deeply  grooved  on  either 
side.  In  Bothriocephalua  the  genital  apertures  are  in  the 
middle  of  each  segment.  The  embryo  is  ciliated,  and  swims 
actively  in  water.  Recent  experiments  tend  to  show  that 
the  development  of  the  embryo  in  this  genus  may  take 
place  directly,  or  without  the  intervention  of  a  OyaiHcercua 
stage. 
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It  is  obyions  that  the  Cestoidea  are  very  closely  related 
to  the  TVematoda,  In  fact,  inasmnch  a»  some  of  the  latter 
are  anenterous,  and  some  of  the  former  are  not  segmented, 
it  is  impossible  to  draw  any  absolute  line  of  demarcation 
between  the  two  groups.  It  would  appear  that  the  Ceatoidea 
are  either  Trematodes  which  have  undergone  retrogressive 
metamorphosis  and  have  lost  the  alimentary  canal  which 
they  primitively  possessed;  or  that  they  are  modifications 
of  a  Trematode  type,  in  which  the  endoderm  has  got  no 
further  than  the  spongy  condition  which  it  exhibits  in 
ConvoltUa  among  the  TwrbeUaria,  and  in  which  no  oral  aper- 
ture has  been  formed;  or  lastly,  it  is  possible  that  the 
central  cavity  of  the  body  of  the  embryo  Tcenia  simply 
represents  a  blastocoBle. 

If  the  Cetloidea  are  essentially  Trematodes,  modified  by 
the  loss  of  their  digestive  organs,  some  trace  of  the  diges- 
tive apparatus  ought  to  be  discoverable  in  the  embryo  tape- 
vonn.  Nevertheless,  nothing  of  the  kind  is  discernible, 
unless  the  cavity  of  the  saccular  embryo  is  an  enteroccele. 
And  if  this  cavity  is  a  blastoccele,  and  not  an  enteroccole, 
it  may  become  a  question  whether  the  tape- worms  are  any- 
thing but  gigantic  morulsB,  so  to  speak,  which  have  never 
passed  through  the  gastrula  stage. 
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CHAPTER  V. 

THE    HIBVDINEA,    THE    OLIGOGHJBTAy     THE    POLTCHJSTA, 

THE  OEPHT&EA. 

The  HntVDiNEA. — ^The  LeeclieB  are  aquatic  or  terrestrial, 
more  or  less  distinctlj  segmented,  yemuf orm  afumals,  most 
of  which  suck  blood,  though  some  devour  their  prej.  The 
ectoderm  is  a  cellular  layer,  covered  externally  by  a  chiti- 
nous  cuticula,  and  except  in  Malaoobdella,  devoid  of  cilia. 
Very  commonly  it  is  marked  by  transverse  constrictions 
into  rings,  which  are  more  numerous  than  the  true  somiiea, 
as  indicated  by  the  ganglia  and  the  segmental  organs ;  and 
simple  glands  may  open  upon  its  surface.  One  or  more 
suckers,  which  serve  as  organs  of  adhesion,  are  devel<^>ed 
upon  it.  In  some  {AcarUhobdeUa)  bundles  of  setie  are  pre- 
sent; in  others  {BrancheUion)  the  sides  of  the  body  are 
produced  into  lobe-like  appendages;  but  none  have  true 
limbs,  unless  the  lateral  appendages  of  HistriohdeUa  are 
to  be  considered  as  such ;  nor  are  the  anterior  segments 
of  the  body  so  modified  as  to  give  rise  to  a  distinct 
head. 

The  mouth  is  generally  situated  at  the  anterior  end  of 
the  body ;  the  anus  at  the  opposite  extremity,  on  the  dorsal 
side  of  the  terminal  sucker.  The  buccal  cavity  may  be  armed 
with  several  serrated  chitinous  plates,  as  in  the  Medicinal 
Leech,  where  there  are  three  such  teeth.  By  their  aid  the 
Leech  incises  the  skin  and  gives  rise  to  the  well-known 
triradiate  mark  of  a  leech-bite.  The  buccal  cavity  usuaUy 
opens  into  a  muscular,  sometimes  protrusible,  pharynx,  from 
which  a  narrow  oesophagus  leads  into  a  stomach,  which  is 
frequently  produced  into  lateral  caeca.    In  the  Medicinal 
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Leech  (Fig.  49),  for  example,  there 
ue  eleven  pairs  of  each  cwci^  in- 
<Teaaiiig  in  length  and  capacity 
froB  before  backwarda.  From  the 
stomach  a  narrow  intestine  leads 
to  the  anoB.  In  MataeobdeOa  the 
alimentarj  canal  is  a  simple  tabe 
bent  Mrersl  times  upon  itaelf-  The 
alimoitaiy  canal  is  lined  bj  the 
<^dlB  of  the  endoderm,  and  the 
■pace  between  them  and  the  ecto- 
iena  is  occapied  bj  the  mesodenu, 
vhich  contains  abnndRiit  connec-  ^?^a 

lire  and   mnscolor  elements,  and  -=  '  □ 

uacaratedbythe  blood-channels,  I     ? 

which  BOnietimes  have  the  form  of  'S  « 

•ide  Binnses,  bnt  in  other  coflCB  3  ""^ 

Hi  comparativelj  narrow  Tesaels      a*  "^  1  £ 

■ith  definite  woUb.  ^  "S*!  ^ 

In  the  lower  Birudinea,  oa  Clep-      S  S""" 

tiM,  the  sinnBeB  and  vessels  appear  -  i  "i* 

<o  fonn  one  ooutinaons  Byatem  of  "S  a  St 

(arities  containing  a  tluid  which  §'■'1 

be  regarded  as  blood.    But  I^F 


m  the  Leech,  a  diatinct  pseudhee- 
aai  Taacnlar  sTstem  has  attained 


HI 


i:| 


great  degree  of  definition  and  S'^S 

cumplezitj:   it  consists   of  (1)   a  'S'^'- 
niedian  dorsal  tnutk ;  (2)  a  median  I  o 

central  tronk,  in  which  the  gan-  s^S 

gijonic  nerre-chain  lies ;  (3,  4)  two  1  -„ 

"ide  lat«i»l   longitndinal  trnnks  ^'^  , 

iRg.  50).    These  anastomose  with  °Sv 

one  another,  and  give  off  nnmerons  '^  I  '^ 

branches,  which  open  into  a  rich  .^  *  ^ 

capiUarj  net- work,  Bitnated  in  the  *  -  * 

muscnlar  lityer  of  the  mesoderm,  ? 

•  *  DleUciiMlilidicaPaiHiton.'  1£<3, 
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and  on  the  segmental  and  reprodoctiTe  organs.    The  fluid 
contained  within  these  vessels  has  a  red  colonr,  and  coo- 
tains  no  corpnscles. 
More  or  fewer  of  the  eegments  of  the  body  are  prorHed 

Fig.  60. 


..„. ., - _. „ nt  of  the  prJDolisI 

vessel!  of  Ilia  Teech  (Hirvdo  mtdicinalu),  kfler  GrstioleL  The  inner 
surface  of  ft  portion  of  one-b&lf  of  the  bodv  is  depicted:  a,  a.  I  he 
ventnl  trunk  ;  (,  e*,  ('.  Ilia  Iktenl  trunk  and  its  bnuohes;  /,/',  the 
dormi  trunk  and  lu  branohea ;  f,  the  ileader  tnosvirse  tntoks 
Hhieb  bnuch  out  >t  each  end ;  h,  i,  the  tnnsverse  ventral  brancket 
of  the  lateral  truok ;  *,  I,  the  branch  to  tha  tatis  (c),  aud  the  arg- 
mcDtal  otsan  (i^ ;  n,  branch  from  tha  dilatation  oa  tha  ttatli  to  tbs 
pulelal  pleiUMS ;  b,b,vm»  defervna. 

with  what  are  termed  tegmental  organt.  These  ate  tubes 
which  open  extemallj  on  the  Tentral  wall  of  the  bodj, 
while  at  their  other  extremities  thej  either  oprai  into  the 
sinnses  bj  ciliated  montha  (CleptitM),  or  form  a  closed 
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and  mare  or  lees  reticulated  non-ciliated  coil  {Hirudo). 
These  obviooaly  answer  to  the  ciliated  water-yessels  of  the 
Twrbenaria  and  Thremaioda. 

The  nenrouB  system  consists  of  a  cerebral  mass  in  front 
of  the  month,  proceeding  from  which,  on  each  side,  is 
a  commissare  connecting  it  with  a  ventral  cord  on  which 
ganglia,  corresponding  in  number  with  the  somites  of  the 
body,  are  developed.  In  MctUicohdeUa,  these  cords  are  lateral 
and  wide  apart,  bat,  in  all  the  other  Hirudinea,  they  come 
close  together  behind  the  month,  and  occupy  the  middle  line 
of  the  ventral  face  of  the  body.  In  the  Leech,  according  to 
Leuckazt,  there  are  originally  thirty  pairs  of  post-oral  gan- 
glia, but  the  seven  posterior  and  the  three  anterior  pairs 
coaLeace,  so  that  only  twenty-three  pairs  are  distinguishable 
in  the  adult.  Nerves  are  given  off  to  the  pharynx  and 
intestines,  and  the  former  develope  special  ganglia. 

Simple  eyes  are  usually  present  on  the  anterior  or  oral 
segment^  and  receive  nerves  from  the  supracBSophageal 
ganglia.  In  the  Leech  these  eyes  are  situated  in  the  first 
three  segments.  Gup-shaped  depressions  of  the  integu- 
ment of  the  anterior  segments  of  the  body,  lined  by  peculiar 
glassy  cells  and  in  relation  with  nerves  which  terminate  in 
fine  filaments,  have  been  discovered  by  Leydig  in  several  of 
the  HMrudtnea,* 

The  elongated  spindle-shaped  muscle-cells  of  the  body 
are  abundant,  and  are  disposed  in  a  superficial  circular, 
and  deep  longitudinal  layer,  while  dorso-ventral  bands 
pass  from  the  dorsal  to  the  opposite  body-wall. 

MaiaeobdeUa  and  HUtriobdeUa  are  dioecious,  but  the  other 
Hirudinea  are  hermaphrodite.  The  male  organs  consist  of 
numerous  testicular  sacs,  situated  on  each  side  of  the  body, 
and  connected  by  a  vas  deferens,  which  usually  opens  into 
a  sac,  term  mating  in  an  eversible  penis.  The  spermato- 
zoa are  often  enclosed  in  a  case  or  ^ermatophore.  The 
female  organs,  much  smaller  than  the  male,  consist  of 
ovaries,  with  oviducts  opening  into  a  vagina.  The  vaginal 
orifice  is  behind  that  of  the  penis.  In  the  Leech  the  eggs 
•  « Archly  f&r  Anatomie  und  Phy»iologie/ 1861. 


218   THE  ANATOMY  OF  INYEBTEBBATED  ANIMALS. 

are  enclosed  in  a  sort  of  cocoon,  formed  bj  a  viscid  secre- 
tion of  the  integument. 

The  observations  of  Bathke  and  Lenckart  on  the  de- 
velopment of  Nephelia,  Clepsine,  and  Sirvdo  show,  that, 
after  the  division  of  the  vitellns  into  a  few  equal-sized 
large  blastomeres,  small  blastomeres  are  separated  from 
the  large  ones  (as  in  the  Ctenophora  and  Polycelis)^  and  the 
rapidly  multiplying  small  blastomeres  form  an  investment 
to  the  slowly-dividing  large  ones.  This  investment  is  the 
epiblast,  and  becomes  the  ectoderm,  while  the  included 
larger  blastomeres  are  eventually  converted  into  the  cells 
of  the  endoderm.  At  one  end  of  the  body  the  oral  aperture 
appears,  in  some  cases  (e.g,  Nephelia)  surrounded  by  a 
raised  lip,  as  in  the  embryo  Planarian;  and  the  embryo 
passes  into  the  Gastrula  stage.  The  body  now  elongates 
and,  on  the  ventral  face,  the  mesoblast  makes  its  appear- 
ance as  a  layer  of  cells,  sometimes  divided  into  two  longi- 
tudinal bands,  separated  by  a  median  interval.  Three  pairs 
of  segmental  organs,  which  have  only  a  temporary  existence 
and  have  been  regarded  as  primordial  kidneys,  are  developed 
at  the  posterior  end  of  the  body.  The  mesoblast  next 
becomes  divided  transversely  into  the  number  of  somites 
of  which  the  body  is  eventually  composed;  the  division 
first  making  its  appearance  on  the  ventral  face  of  the  body. 
A  pair  of  ganglia,  probably  derived  from  the  epiblast,  is 
developed  in  each  segment. 

Thus,  in  the  Leeches,  the  segmentation  of  the  body  is 
the  result  of  the  segmentation  of  the  mesoblast,  which 
becomes  the  mesoderm  of  the  adult.  And  it  is  this  seg- 
mentation of  the  mesoblast,  and  consequently  of  the  meso- 
derm, which  constitutes  the  most  important  difference  be- 
tween the  Leech  on  the  one  hand,  and  the  Turbellarian  and 
Trematode  on  the  other. 

On  the  other  hand,  in  the  development  of  a  mesoblast 
which  undergoes  division  into  segments,  the  Leeches 
exhibit  the  fundamental  character  of  all  such  segmented 
Invertebrates  as  the  ch»tophorous  Annelida  and  the  Arikro- 
poda» 
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Hie  OLtoocHiBTA. — ^The  Earthworm  (Lwmbricus)  and 
fresh- water  wonofl  {Nais,  Tubtfeo^,  Chostogaster),  which  are 
incladed  under  this  name,  are  cloael  j  allied  with  the  Leeches 
in  the  essential  points  of  their  structure  and  development, 
mach  aa  thej  differ  from  them  in  habit  and  appearance. 

Thej  have  elongated,  rounded,  segmented  bodies,  often 
divided  by  many  superficial  transverse  constrictions  into 
rings*  which,  as  in  the  Leeches,  may  be  more  numerous  than 
the  proper  somites.  There  are  no  limbs,  but  each  segment 
is  usually  provided  with  two  or  four  sets  of  longer  or 
shorter  chitinouB  sets,  which  are  developed  and  lodged 
in  integumentary  sacs.  The  outermost  layer  of  the  ecto- 
derm is  a  non-ciliated  chitinous  cuticle. 

The  mouth  is  situated  close  to  the  anterior  end  of  the 
body,  but  a  "cephalic  lobe"  not  unfrequently  projects 
beyond  it  on  the  dorsal  side.  The  anus  is  at  the  opposite 
extremity  of  the  body,  and  the  straight  alimentary  tract 
which  connects  the  two  and  is  lined  by  the  endoderm,  is 
usually  divided  into  a  pharyngeal,  oesophageal,  and  gastro- 
intestinal portion,  the  latter  often  being  produced  laterally 
into  short  ceBca,  The  mesoderm  presents  well-developed 
transverse,  longitudinal,  and  dorso-ventral  muscular  fibres, 
as  in  the  Leeches.  It  is  excavated  by  a  spacious  perivisceral 
cavity,  which  contains  a  colourless  corpusculated  fluid,  and 
is  divided  by  thin  but  muscular  mesenteries,  which  stretch 
from  the  intestine  to  the  jMuietes,  and  thus  break  up 
the  perivisceral  cavity  into  partially  separate  chambers. 
In  addition,  there  is  a  system  of  pseud-h»mal  vessels,  like 
those  of  the  Leeches,  provided  with  contractile  walls,  and 
containing  a  red  non-corpusculated  fluid.  No  communi- 
cation has  been  ascertained  to  exist  between  these  vessels 
and  the  perivisceral  cavity;  but  there  can  be  little  doubt 
that,  as  in  the  case  of  the  Leeches,  they  must  be  regarded 
as  a  specially  differentiated  part  of  the  general  system 
of  the  perivisceral  cavity. 

In  the  majority  of  the  segments  there  are,  as  in  the 
Hirudinea,  paired  segmetital  organs;  these  are  cUiated 
and  their  inner  ends  open  into  the  perivisceral  chamber. 
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The  nervons  system  consists  of  prse-oral  or  cerebi*al 
ganglia,  continued  backwards,  on  the  ventral  aspect  of  the 
body,  bj  oommissnres  on  each  side  of  the  cesophagus  into 
a  double  chain  of  closely  united  post-oral  ganglia. 

Large  tubular  fibres  are  imbedded  in  the  neurilemma  of 
the  ganglionic  chain  on  its  dorsal  face.  In  the  Earthworm 
there  are  three  of  these— -one  median  and  two  lateral — ex- 
tending along  the  whole  length  of  the  ventral  end,  but  not 
into  the  CBsophageal  commissures.*  The  nature  of  these 
structures  is  unknown. 

These  animals  are  hermaphrodite.  The  generative  organs 
are  situated  in  the  front  part  of  the  body,  the  male  organs 
being  anterior  to  the  female.  In  the  aquatic  Oligochceta 
(Nais,  Tubtfex)  the  genital  glands  have  no  proper  ducts,  but 
the  segmental  organs  of  the  segments  in  which  they  are 
contained  convey  the  generative  products  outwards.  In 
the  terricolous  forms  (Lumhricus)  the  vasa  deferentia  are 
continuous  with  the  testes,  which  are  very  large.  The 
ovaries,  on  the  other  hand,  are  minute  solid  bodies  attached 
to  one  of  the  mesenteries,  and  the  oviducts  are  separate 
tubes  with  funnel-shaped  mouths,  which  open  into  the 
cavity  of  the  segment. 

In  Naia  and  Chodogaster,  agamic  multiplication  occurs 
by  the  development  of  posterior  segments  of  the  body 
into  zooids,  which  may  remain  associated  in  chains  for 
some  time,  but  eventually  become  detached  and  assume 
the  parental  form.  Schulze  has  observed  that  when  a 
Nais  has  divided  into  an  anterior  and  posterior  zooid, 
the  last  somite  of  the  former  gradually  enlarges,  and 
becomes  divided  into  new  somites,  the  anterior  of  which 
give  rise  to  a  head.  A  new  zooid  is  thus  developed 
between  the  previously  existing  ones.  This  process  is 
repeated  in  what  was  the  penultimate,  but  is  now  the 
ultimate  somite  of  the  anterior  zooid;  and  again  in  the 
penultimate  somite  when  it  has,  in  the  same  way,  become 
terminal. 

*  Clap&rede,  *  Histologi&che  Untersuchoogen  uber  den  Uegcnwurm.* 
1869. 
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As  the  Earth-worm  is  a  very  accessible  subject,  it  may  be 
useful  to  the  student  to  be  famished  with  an  account  of 
some  of  the  chief  points  of  its  organisation  more  in  detail. 

The  exterior  of  the  body  of  an  Earthworm  {Lumbrieue 
ierrestiU,  rvbeUus  or  conMntmis)  shows  a  number  of  close-set 
transyerse  groores  which  divide  its  body  into  numerous 
narrow  rings  or  segments.*  The  most  anterior  segment  is 
small  and  conical,  and  presents,  on  its  under  surface,  a 
depressioii  which  is  the  oral  aperture.  The  anus  is  at  the 
opposite  end  of  the  body.  Behind  the  mouth,  the  successive 
s^pnents  rapidly  attain  their  average  size ;  but^  in  a  full- 
grown  worm,  a  part  of  the  body  into  which  more  or  fewer 
of  the  segments  between  the  twenty-fourth  and  thirty- 
sixth  inclusively  (29  P-36,  L.  terregtris ;  24-29  P,  L.  rubeUu8 ; 
26--32,  X.  eommy/nis)  enter,  is  swollen,  of  a  different  colour 
from  the  rest,  provided  with  abundant  cutaneous  glands, 
and  receives  the  name  of  eingtUum  or  clUeUvm* 

In  the  dorsal  median  line  there  is  a  series  of  smaU  aper- 
tures or  pores,  one  for  each  segment  except  the  most  anterior, 
which  lead  into  the  perivisceral  cavity;  while  upon  the 
ventral  surface  of  the  anterior  part  of  the  body  the  eight 
apertures  of  the  organs  of  generation  are  situated.  Of 
these,  four,  situated  two  on  each  side,  between  the  ninth 
and  tenth,  and  the  tenth  and  eleventh  segments,  are  the 
openings  of  the  receptaeula  BenUnis.  The  openings*  of  the 
two  oviducts  are  on  the  fourteenth  segment;  those  of 
the  two  vasa  def erentia  on  the  fifteenth.  Besides  these,  all 
the  segments,  except  some  of  the  most  anterior,  exhibit 
a  pair  of  minute  openings  appertaining  to  the  segmental 
organs;  and  they  are  further  perforated  by  the  four 
longitudinal  double  rows  of  setn,  which  project  slightly 
beyond  the  surface  of  the  integument,  and  offer  a  certain 
resistance  when  the  worm  is  drawn  from  tail  to  head 
through  the  fingers. 

The  body  is  invested  in  a  thin  and  transparent  but  dense 

*  The  question  bow  far  all  of  the  developinf  nt  of  the  Earth- 
tbeae  tegments  repreaent  toinitfla  worm  Is  in  favour  of  their  being 
ntmj  hm  left  open.    The  hiatory     true  somites. 
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euHcula,  perforated  by  excessively  minate  vertical  canals. 
Within  this  lies  a  thicker  layer,  consisting  of  a  reticnlated 
nucleated  protoplasm,  the  meshes  of  which  are  filled  with 
a  transparent  gelatinous  substance.  This  layer  probably 
represents  both  the  dermis  and  epidermis,  and  has  been 
termed  the  hypodemvis.  Internal  to  it  lies  a  thick  layer 
of  circular  muscular  bands,  in  the  interstices  of  which 
pigment  granules  occur;  and,  still  niore  internally,  is  a 
much  thicker  coat  of  musculat  fibres,  which  are  disposed 
longitudinally. 

The  cavity  circumscribed  by  this  longitudinally  fibrous 
muscular  layer  is  lined  by  a  kind  of  connective  tissue. 
Corresponding  with  the  divisions  between  every  pair  of 
segments  (except  in  the  most  anterior  part  of  the  body), 
this  connective  tissue  is  continued  transversely  towards  the 
axis  of  the  body,  and  passes  into  that  which  forms  the  wall 
of  the  'intestine ;  while,  on  the  ventral  side,  it  forms  an 
arch  over  the  ventral  nervous  cord,  and  the  vessels  which 
accompany  it.  In  the  interior  of  each  of  these  mssenteric 
septa,  radiating  and  circular  muscular  fibres  are  abundantly 
developed,  and  the  former  are  connected  externally  vrith 
the  superficial  layer  of  transverse  muscles. 

The  perivisceral  cavity  is  thus  divided  into  nearly  as 
many  short  chambers  as  there  are  segments ;  each  chamber 
communicates  with  the  exterior,  directly  by  the  dorsal 
pore  and  indirectly  through  the  segmental  organs,  while 
fluid  may  pass  from  one  to  the  other  by  the  supra-neural 
archways. 

The  short  and  curved  set®  project  much  further  into  the 
interior  of  the  body  than  they  do  on  to  its  exterior.  The 
free  apices  of  each  pair  are  situated  dose  together,  while 
their  inner  ends  diverge  from  one  another.  Each  is  enclosed 
in  a  sac  in  which  it  is  developed,  and  to  which  the  muscles, 
by  which  it  is  protruded,  are  attached.  There  are  eight 
setsB  to  each  somite,  one  pair  not  far  from  the  ventral 
median  line  on  each  side ;  and  the  other  pair  phiced  in  the 
same  transverse  line,  but  further  outwards. 

The  mouth  leads  into  a  muscular  pharynx,  with  a  com- 
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paratirelj  small  mtei*nal  cavity,  which  reaches  as  far  back 
as  the  seventh  segment.  From  this  a  narrow  oBsophagns  is 
continued  as  f aa*  back  as  the  fifteenth  or  sixteenth  segment ; 
and  presents  three  pairs  of  lateral  glandular  diverticula, 
which  contain  a  calcareous  matter,*  in  the  region  of  the 
twelfth  and  thirteenth  segments.  Posteriorly,  the  gullet 
opens  into  a  crop,  which  is  succeeded,  about  the  eighteenth 
segment,  by  a  thickened  and  muscular  gizzard. 

Upon  this  follows  the  intestine,  which  has  the  appearance 
of  a  simple  tul)e ;  but  is  in  reality  complicated  by  the  invo- 
lution of  its  wall,  along  the  dorsal  median  line,  into  a  thick 
fold,  which  projects  into  the  interior  of  the  intestinal  cavity, 
and  is  the  so-called  typhlo9ole.  The  exterior  of  the  intestine 
and  the  cavity  of  the  typhlosole  present  a  coating  of 
yellowish-brown  cells. 

The  segmental  organs  are  greatly  convoluted  tubes,  situated 
one  on  each  side  of  every  segment  except  the  first,  and 
attached  to  the  posterior  mesenteric  septum  of  the  segment. 
Each  canal  communicates  internally,  by  a  wide  funnel- 
shaped  ciliated  aperture,  with  the  perivisceral  cavity,  while 
externally,  it  opens  by  a  minute  pore,  which  is  usually  close 
to  the  internal  pair  of  set9B.t 

A  colourless  fluid,  containing  colourless  corpuscles,  and 
answering  to  the  blood  of  other  invertebrated  animals,  occu- 
pies the  perivisceral  cavity ;  but,  in  addition  to  this,  there  is 
a  deep  redffluid,  devoid  of  corpuscles,  which  fills  a  veiy  largely 
developed  system  of  pseud-hsemal  vessels.  These  consist  ai. 
longitudinal  and  transverse  principal  trunks,  and  of  very 
numerous  branches  which  proceed  from  tbem  and  ramify 
in  all  parts  of  the  body,  except  the  cuticle  and  hypo- 
dermis. 

The  longitudinal  trunks  are  three :  one  mii^a-inlesHiMU, 
which  lies  along  the  dorsal  aspect  of  the  alimentary  canal ; 
one    wMmtestinal,  which   corresponds  with  this  on  the 

*  The  nature  of  thjs  sabfltance  tale/  1873.) 

has    reeently  been  discassed  by  f  Gegenoanr,  **UeberdieMge- 

M.  £.  Perner,  **£tnde  sor  un  nannten  Respirationsorgane  aes 

genre  nouveaa  des  Lombriciens."  Regenwarms.^'    (*Zeitschrift  fur 

(;Arehivea  de  Zoologie  esperimen-  'Wus.  Zoologiei'  1852.) 
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yentral  aspect  of  that  canal ;  and  one  sub-neural,  whicli  lies 
beneath  the  ganglionic  cord. 

The  supra-intestinal  and  sub-intestinal  vessels  are  con- 
nected in  the  greater  number  of  the  segments  bj  pairs 
of  eommieaural  transverse  trunks,  which  embrace  the  in-, 
.testine,  and  give  off  numerous  branches  to  it.  The  supra- 
intestinal  and  sub-neural  vessels  give  off  transverse  trunks 
into  the  mesenteric  septa,  which  branch  out  into  the  mus- 
cular layers,  and  some  of  which  anastomose  so  as  to 
form  a  second  set  of  transverse  communications.  More- 
over, the  sub-neural  trunk  and  the  sub-intestinal  trunk 
respectively  send  branches  to  each  segmental  organ,  upon 
which  they  are  distributed,  and,  anastomosing,  give  rise 
to  another  series  of  communications  between  the  longi- 
tudinal trunks. 

In  the  seven  most  anterior  segments,  the  longitudinal 
vessels  break  up  into  a  network,  and  there  are  no  distinct 
transverse  commissural  vessels.  Behind  these,  and  in  the 
region  of  the  generative  apparatus,  the  commissural  vessels 
are  greatly  dilated,  and  form  f I'om  five  to  eight  pairs  of 
so-called  hearts  which  are  attached  to  the  anterior  faces 
of  as  many  mesenteries.  These  contract  from  the  dorsal 
towards  the  ventral  side. 

The  nervous  system  consists  of  two  cerebral  ganglia 
lodged  above  the  pharynx  in  the  third  segment,  and  united 
by  commissural  cords  with  the  anterior  ganglia  of  the 
chain,  which  extends  through  the  whole  length  of  the 
body  on  the  ventral  wall  of  the  perivisceral  cavity. 

l^ere  are  no  eyes,  nor  are  any  other  organs  of  special 
sense  known. 

The  Earthwormis  hermaphrodite.  The  testes  are  two  pairs 
of  large  sacs,  each  of  the  anterior  pair  being  bilobed. 
The  testes  of  opposite  sides  are  united  in  a  common  median 
reservoir,  situated  in  the  tenth  and  eleventh  segments,  from 
which,  on  each  side,  ducts  take  their  origin.  The  two 
ducts  of  the  testes  of  the  same  side  unite  into  a  single  vas 
deferens,  and  these  two  vasa  deferentia  open  externally  on 
the  ventral  aspect  of  the  fifteenth  segment.    The  ovaries 
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are  two  minute  solid  bodies,  not  more  than  -^  of  an  inch 
long,  attached  to  the  posterior  face  of  the  mesenteric 
septum  which  separates  the  twelfth  and  thirteenth  segments. 
They  therefore  lie  in  the  cavity  of  the  latter.  The  oyidncts 
are  qnite  disrtinct  from  the  ovaries,  and  open  internally 
by  wide  fmmel-shaped  apertures,  situated  in  the  cavity  of 
the  thirteenth  segment.  From  these  funnel-shaped  ends 
the  oviducts  are  continued,  as  slender  tubes,  through  the 
mesenteric  septom  which  separates  the  thirteenth  from 
the  fourteenth  segment,  and  open  on  the  ventral  face  of 
the  latter. 

Four  globular  spermathecsB,  or  receptacles  of  the  sper- 
matozoa, are  situated,  two  on  each  side,  in  the  tenth  and 
eleventh  segments,  and  open  on  the  yentral  face  between 
the  ninth  and  tenth,  and  the  tenth  and  eleventh  segments 
respectively.  These  are  filled  when  copulation  takes  place, 
during  which  process,  the  two  worms  are  said  to  be  bound 
together  by  a  tough  secretion  of  their  ditella. 

The  development  of  the  OligoehcBia  has  recently  been 
carefoUy  investigated  by  Kowalewsky.  The  eggs  of  the 
Earthworm  are  laid  in  chitinous  cocoons  or  cases,  which 
are  probably  secreted  by  the  clitella.  In  addition  to  the 
eggs,  the  cocoons  enclose  an  albuminous  fluid,  and  packets 
of  spermatozoa.  The  vitellus  is  inyested  by  a  membrane, 
and  contains  a  germinal  vesicle  and  spot.  Complete  yelk- 
division  takes  place,  and  eventually  the  blastoccBle  becomes 
rednoed  to  a  mere  cleft.  The  blastomeres  are  disposed  in 
two  layers — one  consisting  of  small,  and  the  other  of  large 
blastomeres.  The  embiyo  thus  formed  becomes  concave 
on  the  side  formed  by  the  large  blastomeres,  until  it 
aasnmes  the  form  of  a  sac,  ciliated  eztemaJly,  with  an 
opening,  the  future  mouth,  at  one  end ;  the  cavity  of  the 
sac  being  the  primitive  alimentary  canal,  and  the  layer  of 
lai^  blastomeres,  the  hypoblast.  Between  the  two,  a 
mesoblastic  layer  appears,  but  the  exact  manner  of  its 
origin  is  not  known.  On  one  face  of  the  saccular  embryo 
tlie  mesoblast  becomes  divided  into  a  series  of  quadrate 
masses,  like  the  protovertebrs  of  a  vertebrate  embiyo, 
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disposed  syminetricallj  on  eacli  side  of  a  median  line, 
which  corresponds  with  the  future  ventral  median  line 
of  the  body.  Along  this  line,  the  epiblast  becomes  thick- 
ened inwaids,  and  the  thickening  is  converted  into  the 
ganglionic  chain.  At  the  same  time,  each  quadrate  mass 
of  the  mesoblast  is  excavated  by  the  development  of  a 
cavity  in  its  interior,  whereby  it  becomes  converted  into 
a  sort  of  sac.  The  adjacent  anterior  and  posterior  walls 
of  successive  sacs  unite,  and  give  rise  to  the  mesenteric  septa, 
while  their  cavities  become  the  chambers  of  the  perivisceral 
cavity.  The  segmental  organs  commence  as  cellular  out- 
growths from  the  posterior  face  of  each  septum  thus  formed, 
and  only  subsequently  become  excavated  and  communicate 
with  the  exterior. 

The  development  of  the  Earthworm,  therefore,  closely 
resembles  that  of  the  Hirudvnea,  and  more  especially  that  of 
the  Medicinal  Leech,  in  which  the  digestive  cavity  of 
the  embryo  would  seem  to  be  formed,  as  in  the  Earthworm, 
by  a  process  which  is,  in  a  sense,  invagination.  It  would 
appear  that  the  first  formed  aperture  is  the  mouth ;  while 
the  anus  is  a  secondary  perforation ;  and  the  segmentation 
of  the  body  commences  in  the  mesoblast 

In  the  fresh-water  OligocJuBta,  EudxeB  and  Tuhifem,  the 
vitellus  also  becomes  divided  into  large  and  small  blasto- 
meres.  The  latter  extend  over  the  larger  blastomeres,  and 
form  the  epiblast  ( =  ectoderm).  A  mesoblast  ( =  mesoderm), 
divided  into  two  broad  longitudinal  bands,  is  developed,  and 
the  oral  cavity  is  said  to  be  formed  by  invagination  of  the 
epiblast  between  the  anterior  ends  of  the  two  bands  of  the 
mesoblast.  In  this  case,  the  mouth  in  these  genera  is  a 
secondary  formation.  The  innermost  layer  of  large  blasto- 
meres  becomes  the  hypoblast  ( ^endoderm).* 

The  PoLYCHiETA. — Except  that  the  Polyehada  are  almost 
invariably  dicBcious  and  marine,  while  the  OligockcBta  are 

*  Kowaleifsky,  "  Embryologische  Studien."  (*  Hem.  de  TAcad.  de 
St.  Petenbourg,  1861.) 
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monoacioTis,  and  mhabitants  either  of  land  or  f  resli  water,  it 
is  hard  to  say  what  absolute  characters  separate  these  two 
groups.  The  lowest  forms  of  ihe  PolyehoEia,  such  as  CapiteUa 
and  PolyophiJuilmus,  might  be  regarded  as  marine  dioecious 
NaidcB,  But,  in  the  higher  Polychceta,  each  segment  of  the 
body  developes  lateral  processes — the  parapodia,  or  rudi- 
mentary limbs,  which  are  usually  provided  with  abundant 
strong  setee ;  a  distinct  cephalic  segment,  the  prcMiomiwnif 
appears  in  front  of  and  above  the  mouth,  and  bears  eyes  and 
tentacles ;  while  those  parapodia  which  lie  in  the  vicinity  of 
the  mouth  may  be  specially  modified  in  form  and  direction, 
foreshadowing  the  jaws  of  the  Arthropoda,  Ciliated,  some- 
times plumose,  processes  of  the  dorsal  walls  of  more  or  fewer 
of  the  segments  may  perform  the  office  of  external 
hranckioR ;  and,  occasionally,  the  dorsal  surface  gives  rise 
to  flat  shield-like  processes,  the  so-called  elytra. 

The  following  detailed  description  of  a  very  common 
species  of  Polynoe,  will  give  a  fair  conception  of  a  poly- 
chadtooB  Annelid,  in  which  the  highest  degree  of  complexity 
of  organisation  known  in  the  group  is  attained : — 

Polynoe  squamctta  is  an  elongated  vermiform  animal,  about 
an  inch  long,  the  body  of  which  is  divided  into  a  succes- 
sion of  portions,  for  the  most  part  similar  and  equivalent 
to  one  another,  but  presenting  peculiar  modifications  at 
the  anterior  and  posterior  extremities.  Each  such  portion 
is  properly  termed  a  wmite;  while  the  term  ''segment" 
may  be  retained  to  indicate  generally  a  portion  of  the  body, 
without  implying  its  precise  equivalency  to  one  somite  or 
to  many.  Thus,  then,  the  body  of  the  Polynoe  is  composed 
of  a  series  of  twenty -six  "  somites,"  terminated  anteriorly 
by  a  "segment,"  tiie  prcMtomium  (* Kopf-lappen,'  Grube) 
and  posteriorly  by  another,  the  pygidmm,  which  may  or 
may  not  represent  single  somites. 

If  one  of  the  somites  from  the  middle  of  the  body  (Fig.  51, 
O,  B)  be  examined  separately,  it  will  be  found  to  be  trans- 
versely elongated,  so  as  to  be  about  three  times  as  broad  as 
it  is  long,  and  to  be  slightly  convex  above  and  below,  pre- 
senting  a  deep,  median,  longitudinal  groove  inferiorly. 

Q2 
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Latemllj  the  Bomit«  is  prodnced  into  two  thick  proceaaes, 
the  "parapodia." 

Each  paxapodiiiia  divides  at  its  extremity  into  two'poiiione, 
ft  mperior  and  an  inferior,  which  m&7  be  denominated  re- 
jig. 51. 


Fig.  bl.—PolfnSr  ■jwunota. 

A.  Viewed  from  above  and  enlarged  : 
elytn ;  /,  ipsoe  left  between  the 
ufd  fimbriK  of  the  elytra. 

B.  PoBlerior  eitieinit]i,  inferior  view;'<^  pygidial  elni;  A,  ioren'or 
tntierele ;  e,  e*,  notopodM  md  DCUTopodlu  cirri. 

C.  SecUoD  of  half  ■  aomlte  witheljtron:  i,  Dotopodinin ;  i,  neuro- 
padiam. 

D.  Sectlonof  half  aiomlte  with  clmu. 

apectival;  the  iw>fapo(Itum(Fig.51  t)aiidthen«urqpodium(l), 
the  one  occupjing  tbo  "  hsmal,"  or  dorsMl,  the  other  the 
^'  neural "  or  Tentral  aspect.    The  Utter  ia,  in  this  specie* 
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80  nmoh  tike  larger,  that  the  notopodimn  appears  like  a  mere 
taberde  projeoting  from  its  upper  soif ace.  In  other  An» 
nelida,  however,  and  in  the  jonng  state  of  Polynoe,  the 
notopodinm  is  as  large  as  the  nenropodinm.  Both 
diyisions  of  the  parapodia  are  armed  with  peculiar  stiff 
hair-like  appendages  (g),  composed  of  ohitin,  and  developed 
within  diverticola  of  the  integament»  or  triehophoreSf  in  which 
their  bases  always  remain  enclosed.  These  can  be  pro- 
traded  and  retracted  by  muscles  attached  to  their  sacs,  and 
they  vary  exceedingly  in  form.  Three  distinct  kinds  are 
observable  in  Polynoe  alone.  The  notopodium  and  the 
nearopodium  carry  each  a  single,  sharp,  style-like  acieiUum, 
the  greater  part  of  the  length  of  which  is  imbedded  in  the 
]>arapodiuin  and  its  divisions,  while  the  point  just  projects 
ftt  about  the  centre  of  the  latter.  The  neuropodial  is  very 
much  longer  than  the  notopodial  aciculum. 

Superiorly,  the  notopodium  carries  two  transverse  rows 
of  more  slender  organs  of  a  similar  nature,  the  8et(B :  the 
proximal  set  are  much  shorter  than  the  distal,  but  even 
the  latter  do  not  attain  a  length  of  more  than  -^  of  an  inch 
(Pig.  52,  G). 

The  proximal  set  are  somewhat  knife-like  in  shape  if 
viewed  in  profile,  consisting  of  a  comparatively  short, 
straight  "handle,"  by  which  they  are  imbedded  in  their 
ttcs,  and  of  a  thick,  rounded,  curved  blade,  tapering  to  a 
fine  point  at  its  extremity.  Close-set  transverse  ridges, 
finely  serrated  at  their  edges,  and  inclined  obliquely  to  the 
sorface  of  the  blade,  traverse  its  convex  anterior  circum- 
ference, leaving  the  back  free.  The  distal  setee  (Fig.  52,  G) 
have  a  very  similar  structure,  but  they  are  much  elongated 
and  very  slender.  The  handle  is  longer ;  and  the  blade,  little 
carved  and  simply  set  on  at  an  angle  with  the  handle,  is 
produced  at  the  end  into  a  long  and  delicate  filament.  The 
base  of  the  blade  (£)  is  beset  with  incomplete  ridges,  like 
those  of  the  short  setse,  but  towards  the  middle  (F)  these 
ridges  appear  to  encircle  the  blade  completely,  assuming  the 
aspect  of  so  many  closely  imbricated  concentric  scales,  before 
finally  becoming  obsolete  upon  the  extremity  of  the  seta. 
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The  nenropodial  aciculum  needs  no  special  notice,  except 
that  the  eztremitj  of  its  tricbophore  projects  as  a  sort  of 
papilla,  less  obvious  in  full-grown  specimens,  which  divides 
the  nenropodium  into  an  upper  and  a  lower  portion,  the 
former  containing  about  half  as  manj  sets  as  the  latter. 

Fig.  52. 


IS 


Fig.  b3.—PolinSe 

A,  elytron  viewed  from  •bovo.  B,  >  tooth.  C,  D,  beunnndial  mIk. 
e,  P,  puts  of  the  blade  of  the  Moie,  more  bight;  magnlBed.  G, 
free  eilremltj'  of  ■uotopodiul  seta. 

The  apertunta  of  the  tricfaophores  are  placed  between  lobe- 
like  prolongations  of  the  nenropodium.  to  which  the  special 
term  of  labia  (Grube)  may  be  applied.  In  this  species 
tbej  present  no  remarkable  pecnliaritj  beijond  their  in- 
equality. 
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The  neuTopodial  setee  (Fig.  52,  d  D),  althougb  at  first 
sight  very  different  from  the  notopodial  setsB,  are,  in 
troth,  constructed  on  essentially  the  same  plan,  the  blade 
being  abort,  while  the  handle  is  proportionally  elon- 
gated. The  blade  is  snbcylindrical  at  its  base,  pointed 
and  slightly  carved.  Eight  or  nine  transverse  ridges  ex- 
tend aronnd  about  two-thirds  of  the  circumference  of  its 
proximal  half;  the  basal  ridges  are  naiTOW,  and  merely 
serrated,  but  towards  the  apex  the  ridges  become  deeper, 
and  the  serrations  pass  into  strong  teeth ;  at  the  same  time, 
one  side  of  the  ridge  is  elongated  into  a  strong  point. 

Attached  to  the  under  surface  of  the  parapodium  by  a 
somewhat  enlarged  base,  with  which  it  is  articulated,  is  a 
smooth,  conical,  very  flexible  filament, — the  nefwropodial 
cirrtu  (Fig.  51,  c') ;  it  hardly  reaches  to  the  end  of  the  neuro- 
podium.  Again,  springing  from  the  neural  surface  of  the 
somite,  close  to  the  parapodium,  there  is  a  small  pyriform 
tubercle  {h),  divided  by  longitudinal  grooves  into  about 
eight  segments.  This  is  possibly  connected  with  the  repro- 
ductive function. 

The  appendage  of  the  notopodium  or  rather  of  the  noto- 
podial side  of  the  parapodium  and  somite,  varies  according 
to  the  particular  somite  which  may  be  examined.  In  some 
somites  this  appendage  is  a  cirrus  (Fig.  51,  D,  c)  similar  to 
the  neuropodial  cirrus,  but  much  larger,  equalling  the  semi- 
diameter  of  the  body  in  length,  and  presenting  an  enlarged 
pigmented  bulb  of  attachment  to  which  the  filament  of 
the  cirrus,  which  is  cylindrical  for  about  two-thirds  of  its 
length,  and  then  becomes  enlarged  and  suddenly  tapers  to 
its  extremity,  is  articulated. 

In  the  other  somites  the  notopodial  appendage  is  a  large, 
thin,  oval  plate— the  elytron  (Fig.  51,  G,  c).  It  is  attached 
by  a  thick  peduncle,  and  has  its  long  axis  directed  obliquely 
outwards  and  backwards.  The  surface  of  the  elytron 
(Fig.  52,  A)  is  covered  with  an  ornamentation  of  larger  or 
smaller  tubercular  prominences,  granulated  and  ridged 
upon  their  surface.  A  part  of  the  inner  and  anterior  edge 
of  eacb  elytron  overlaps  or  is  overlapped  by  its  fellows  for 
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a  certain  extent  of  its  oiroomferenee,  which  is  so  far 
smooth,  bnt  in  the  rest  of  its  extent  it  is  fringed  with 
coarse  brownish  filaments  or  finibruB,  which  arise  from  the 
upper  surface  just  within  the  edge,  and  are  obvioualj 
outgrowths  of  the  same  order  as  the  tubercles. 

Such  is  the  structure  of  one  of  the  middle  somites  of 
Polynoe  squavuxta.  The  anterior  and  posterior  somites,  with 
the  exception  of  the  first  and  second,  present  only  minor 
differences,  as  in  the  proportions  of  the  setsB,  or  in  the 
figure  of  the  elytra.  The  first  somite,  which  contains  the 
mouth,  is  the  perisionUvm  ("  mund-segment "  of  Grube). 
The  parapodia  of  this  somite  are  narrow  and  elongated 
(Fig.  63,  B,  C,  m);  they  are  obscurely  divided  at  their 
extremity  into  a  rudimentary  neuropodium  and  notopo- 
dium,  and  give  attachment  to  a  pair  of  large  peristomial 
cirri  (c'  c)  ("  cirrhes  tentaculaires,"  Audouin  and  Mibie- 
Edwards ;  "  Fiihler-cirren,"  Qrube),  of  the  same  structure 
as  the  notopodial  cirri,  which  stretch  forwards  by  the  sides 
of  the  mouth. 

The  apex  of  a  single  small  aciculum  issues  rather  above 
the  point  of  division  of  the  peristomial  parapodium,  and 
two  minute  curved  setsB  accompany  it.  These,  have  been 
generally  overlooked  ;  *  but  they  seem  to  demonstrate,  in 
a  very  interesting  maimer,  the  nature  of  the  appendages 
of  the  peristomial  segment. 

The  second  somite  differs  from  the  rest  only  in  the  great 
elongation  of  its  neuropodial  cirrus,  which  is  directed  for- 
wards and  applied  against  the  mouth. 

The  peristomium  and  the  prsstomium  together  are  ordi- 
narily confounded  under  the  common  term  of  "  head."  The 
latter  (Fig.  53,  B,  G,  Q  is  an  oval  segment  flattened  supe- 
riorly, placed  altogether  in  front  of  and  above  the  mouth, 
presenting  on  its  postero-lateral  edges  four  dark  spots,  the 
eyes,  and  possessing  five  cirriform  appendages,  two  pairs 
and  a  single  median  one.    The  latter  (a),  or  the  pnjestomial 

*  At    least,   in    the   deecrip-  valuable  paper,  *'  Ueber  die  Ent- 

tioDfl  of  the  adult  Fofynoe.   They  wickelung  and  Metamorphose  der 

are  particalarly  mentioned,  how-  Polynoen."   (^  MuUer*8   Archiv,* 

ever,    by    Max    MiUler    in    his  1851.) 
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tenfaeie  ("  antemie'  m£diuie,"  Uilne-Edwarda]  is  similar  in 
■tractere  to  an  ordinaiy  cimu.  Of  the  other  appendages, 
the  npper  one  npon  each  lide  (aupero-lateral  prrastomial 
etnoM, "  uitenne  mitojeniie ")  also  resembles  an  ordinarj 
cimu  (6) ;  bnt  the  lower  (infero-lateral  piKetomial  cimis, 
'  uitenne  eiteme ")  ifi")  ia  mach  larger,  and  ia  capable  of 
eib«me  elongation  and  contractioo,*  while  the  ordioarj' 


Rg.  ii.—PolfnSe  mi 

^  Fmtflrior  extremity  from  BboTe:  e,  nolopodlkl  clmu  of  lut 
MBit* :  d,  P7gtdial  cirri ;  x,  uiiu. 

°<  AAlcrloT  eitranttj  from  aboTs:  a,  pneatomlkl  lantscia;  b,  in- 
{■erioruidi'iiifieriDr  pnMtomlal  clmu;  c,  c',  notopodial aod  ueun>- 
poilW  olfTl ;  I,  peduncle  of  flr«t  elytron:  f,  iirEilomium:  ii,  t«t»- 
Podlnm  of  pariitomium.  C.  Infeilor  view  of  koterlor  eitnmilf, 
Mini  u  before. 

(^rri  are  merely  flexible.  Although  at  first  sight  probable, 
jet  it  would  appear  from  Max  Hiiller's  account  of  the  dere- 
'opment  of  Polynw.  that  these  two  appendages  do  not,  like 
the  two  peristomial  cirri  which  they  essentially  resemble. 

134.   ('  Hlitoira  Niitu- 
:tDt«l  de  U  Fnuoe,' 


234   THE  ANATOMY  OF  INTEBTEBBATED  ANIMALS. 

correspond  witli  tlie  notopodial  and  nearopodial  cirri  of  a 
single  parapodium,  inasmncli  as  they  arise  from  perfectly 
distinct  portions  of  the  prsestomium.  It  is  very  possible 
that  each  represents  the  appendage  of  a  somite,  and  in  this 
case  the  prsestomium  would  be  composed  of  at  least  two 
somites.  Whether  the  prsBstomial  tentacle  indicates  another, 
or  whether  it  is  merely  an  appendage  of  such  a  nature  as 
the  labrum  or  the  rostrum  of  a  Crustacean,  there  is  no 
evidence  at  present  to  show. 

It  is  highly  interesting  to  remark,  that  thus,  in  the 
Polynoe,  as  in  the  Arthropoda,  the  "  head "  results  from 
the  modification  of  a  number  of  somites,  some  of  which 
lie  in  front  of,  and  others  behind,  the  mouth.  The  move- 
ments and  evident  extreme  sensitiveness  of  the  inferior 
prsBstomial  cirri  during  life  indicate  that  they  perform 
the  functions,  as  well  as  occupy  the  position,  of  an- 
tennae. 

The  hindermost  segment  of  the  body,  or  pygidittm  (Fig. 
51  B,  Fig.  53  A),  is  narrow,  and  divided  at  tlie  end  into 
two  supports  for  the  pygidial  {d)  cirri,  which  are  as  long  as 
the  three  last  somites,  and  resemble  the  notopodial  cirri  in 
form  and  structure.  They  extend  directly  backwards, 
almost  parallel  with  one  another  and  with  the  notopodial 
oim  of  the  last  somite,  which  are  thrown  backwards  and 
downwards  (Fig.  53,  A,  c).  It  seems  probable  that  the 
pygidium  represents  only  a  single  somite. 

The  anus  is  not  terminal,  as  in  many  Annelids,  but  is 
seated  in  the  middle  of  a  strongly  raised  papilla  (Fig.  53, 
A  a;),  which  projects  from  the  dorsal  surface  of  the  penulti- 
mate somite ;  its  sides  are  produced  into  about  fourteen 
folds.  The  two  last  elytra  have  their  edges  excavated, 
so  as  to  leave  a  space  over  the  anus  (Fig.  51,  A/}. 

The  notopodial  cirri  and  the  elytra  do  not  coexist  upon 
the  same  somites;  and  the  order  of  arrangement  of  the 
elytrigerouB  and  cirrigerous  somites  is  very  curious.  The 
Ist  or  peristomial  somite  is  cirrigerous,  and  so  are  the  3rd, 
6th,  8th,  10th,  12th,  14th,  16th,  18th,  20th,  22nd,  24th,  25th, 
and  26th;   while  the  2nd,  4th,  5th,  7th,  9th,  11th,  13th, 
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15tli,  17tli,  l^h,  21  at,  and  23rd  somites  bear  elytra,  making 
twelve  pairs  in  all. 

In  no  polychsetouB  Annelid  is  the  stmctnre  of  a  somite 
more  complex  than  in  Polynoe ;  and  there  are  but  yery  few 
parts  not  found  in  Polynoe  to  be  met  with  in  other  Annelida, 
The  careful  study  of  this  species,  therefore,  furnishes  us  with 
an  almost  complete  nomenclature  for  the  external  organs  of 
the  whole  group ;  and  it  will  be  found  that  the  other  forms 
of  Annelida  differ  mainly  in  the  greater  or  less  development 
and  modification  of  the  organs  which  have  just  been  de- 
scribed. A  large  proportion  of  the  Polychasta  are  like 
Polynoe,  free  and  actively  locomotive  animals,  which  rarely 
fabricate  tubular  habitations,  and  are  therefore  termed 
ErranHa ;  they  possess  a  prsestomium,  usually  provided  with 
eyes  and  feelers,  and  have  many  parapodia,  which  are  not 
confined  to  the  anterior  region  of  the  body.  They  very 
generally  have  a  proboscis,  provided  with  chitinous  teeth. 

The  singular  genus,  Tomopteris,  is  a  transparent  pelagic 
Annelid,  with  numerous  parai>odia,  each  terminated  by  two 
lobes  representing  the  neuropodium  and  notopodium, 
but  with  setee,  two  of  which  are  very  long,  only  in  the 
cephalic  region. 

The  sedentary  Annelids  (Tubieola)  fabricate  tubes,  either 
by  gluing  together  particles  of  sand  and  shells,  or  by  secret- 
ing a  chitinous  or  calcified  shelly  substance,  in  which  they 
remain  {e.  g.  Protula,  Fig.  54).  The  prsBstomium  is  small 
or  wanting;  none  have  a  proboscis;  there  are  no  cirri; 
and  the  parapodia  are  short  or  rudimentary.  The  branchiffi 
are  developed  only  on  the  anterior  somites,  and  the  latter 
are  often  markedly  different  from  those  which  constitute 
the  posterior  part  of  the  body. 

In  some  {SerpuUdce)  a  tentacle  is  enlarged  and  its  end 
secretes  a  shelly  plate  which  serves  as  an  operculum,  and 
shuts  down  over  the  mouth  of  the  calcareous  tube  inhabited 
by  the  animaly  when  it  is  retracted.  The  dilated  end  of 
the  opercular  tentacle  sometimes  serves  as  a  chamber  in 
which  the  young  undergo  their  development,  (species  of 
Spirorlns), 

The  alimentary  canal  of  the  polycheetous  Annelida  rarely 
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Fig.  M.— Pntn/a  Bgrten.  A,  the  leioil,  mature  inlnul,  eitnct«d 
trom  It!  calurmui  tube;  a,  branchlil  plumei:  b,  hood-like  «x- 
pantion  of  the  tntetlor  end  of  the  body:  e,  the  moulh;  d,  the 
■luiDBch ;  e,  the  aniu ;  /,  the  teale* ;  f,  the  dtb.  B.  a  Frohila  in 
vo'urae  of  prolirentiOD  ;   (i,  the  bnncbia  of  the  tooi<L, 
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presentfl  any  marked  distinctioii  into  stomacli  and  intestine, 
and  iB  almost  always  of  the  same  length  as  the  body,  ex- 
tending, without  folds  or  convolutions,  from  its  anterior  to 
its  posterior  extremity ;  bat  in  SiphonoHomum  {Chlorasma), 
Tectmaria  and  others,  it  is  more  or  less  convoluted.  It  is 
attached  by  membranous  bands,  or  more  complete  mesen- 
teries, to  the  walls  of  each  somite,  and  very  commonly 
presents  a  dilatation  between  every  pair  of  mesenteries. 
In  most  PolychoBta,  the  intestine  acquires  in  this  way 
merely  a  moniliform  appearance,  but  in  Polynoe,  Aphro- 
diie,  SigaUon,  and  their  allies,  long  csBca  are  given  off  upon 
each  side  of  the  alimentary  canal,  and,  sometimes  becoming 
more  or  less  convoluted,  terminate  at  the  upper  part  of 
each  segment  (Fig.  51,  D)  close  beneath,  or  in  the  branchisB, 
where  such  organs  exist. 

The  anterior  portion  of  the  alimentary  canal  is,  in  a 
great  number  of  the  Polycfujeta,  in  fact  in  all  the  typical 
ErrawHa,  so  modified  as  to  constitute  a  distinct  muscular 
pharynx,  the  anterior  portion  of  the  wall  of  which  can  be 
everted  like  the  finger  of  a  glove,  from  the  aperture  of  the 
mouth*  and  the  posterior  portion  protruded,  so  as  to 
form  a  proboscis.  In  Polynoe  squamaia,  the  proboscis  is 
one-fourth  as  long  as  the  body,  and  its  walls  are  very 
thick  and  muscular.  At  its  anterior  extremity  it  is  sur- 
rounded with  a  circle  of  small  papillsB,  immediately  behind 
which  are  four,  strong,  pointed  and  curved  homy  teeth, 
implanted  in  the  muscular  wall  (Fig.  52,  B).  Each  tooth 
has  a  little  projection  upon  its  convex  edge,  which  is  con- 
nected by  a  short  strong  ligament  with  the  corresponding 
projection  of  another  tooth;  and  the  one  pair  of  teeth, 
thus  connected,  works  vertically  against  the  opposite  pair. 
In  NereU,  there  are  two  powerful  teeth  which  work  horizon- 
tally, besides  minute  accessory  denticles.  In  SyUie,  the 
chitinous  lining  of  the  pharynx  is  produced  into  a  circle  of 
sharp  teeth  anteriorly,  and  there  is,  in  addition,  a  much 
stronger  triangular  median  tooth.  In  Ghfcera,  which  poe- 
sesses  a  pair  of  teeth,  the  extremity  of  the  protruded 
proboscis  is  covered  with  very  remarkable  papill®.    The 
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most  complex  arrangement  of  teeth,  howerer,  is  that  pre- 
sented by  the  EtmiddcB.  In  Ewnieef  there  are  altogether 
nine  distinct  pieces :  two  large,  flat,  more  or  less  calcified 
portions  united  together  below,  and  three  cutting  and 
tearing  teeth  on  the  right  side  working  against  four  on  the 
left.  As  has  been  already  stated,  the  tubicolar  Annelida 
possess  neither  proboscis  nor  teeth. 

No  special  hepatic  gland  appears  to  exist  in  the  Annelida, 
unless  the  intestinal  csBca  perform  that  function,  and  the 
secretion  of  the  bile  is  doubtless  effected  by  the  glandulai- 
tract,  which  extends  for  a  greater  or  less  distance  in  the 
walls  of  the  alimentary  canal.  A  pair  of  glandular  cssca, 
the  function  of  which  is  not  known,  is  appended  to  the 
base  of  the  proboscis  in  Nereis. 

The  general  cavity  of  the  body,  or  perivisceral  cavity, 
which  is  included  between  the  parietes  of  the  alimentary 
canal  and  those  of  the  body,  is  filled  with  a  fluid  which 
contains  corpuscles,  which  are  usually,  as  in  the  InveriebraJta 
in  general,  colourless.  They  are  r^,  however,  in  Olycera, 
and  in  a  species  of  Ajpneumea  (De  Quatref  ages).  The  para- 
I>odia,  the  cirri,  the  branchisB,  and  all  the  other  important 
appendages  of  the  Polychceta  contain  a  cavity  continuous 
with  the  perivisceral  cavity,  and  are  therefore  equally  filled 
with  the  blood.  The  circulation  of  this  fluid  is  effected  partly 
by  the  contraction  of  the  body  and  its  appendages,  partly 
by  the  vibratile  cilia,  with  which  a  greater  or  less  extent  of 
the  walls  of  the  perivisceral  cavity  is  covered. 

In  a  great  number  of  the  Polycheeta  no  part  of  the  body  is 
specially  adapted  to  perform  the  function  of  respiration, 
the  aeration  of  the  blood  probably  taking  place  wherever 
the  integument  is  sufficiently  thin;  and,  even  when  dis> 
tinct  bi*anchisB  ordinarily  exist,  members  of  the  same  family 
may  be  deprived  of  them.  In  Polynoe  aquamata,  ciliated 
spots  which  appear  to  represent  branchi®,  may  be  discovered 
on  the  dorsal  side  of  the  bases  of  the  parapodia,  at  any 
rate,  in  young  specimens.  In  some  species  of  Polynoe 
the  parapodia  give  rise,  at  corresponding  points,  to  leorge, 
richly  ciliated,  malleiform  tubercles,  in  which  the  C89Ca  of 
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the  alimentary  canal  terminate.  In  Sigalion,  a  filiform, 
ciliated  branchia  depends  from  the  upper  part  of  the  somite, 
beneath  the  elytron ;  and  besides  this,  cnrious  little  ciliated 
palettes  are  arranged  npon  the  dorsal  surface  of  the  para- 
X>odia,  and  upon  the  sides  of  the  anterior  somites.  But 
the  best  developed  branchisB  among  these  Annelids  are  pos- 
sessed by  the  AmphinomidcBy  and  the  EuniddoB  among  the 
ErranHa;  the  TerebellidoB,  and  the  SerpulicUe  among  the 
Ttdncola,  In  the  three  former  families  the  branchi®  are 
ciliated  branched  plumes,  or  tufts,  attached  to  the  dorsal 
surface  of  more  or  fewer  of  the  somites.  In  the  last 
(Fig.  54s)  they  are  exclusively  attached  to  the  anterior  seg- 
ment  of  the  body,  and  present  the  form  of  two  large  plumes, 
each  consisting  of  a  principal  stem,  with  many  lateral 
branches.  The  stem  is  supported  by  a  kind  of  internal 
skeleton,  of  cartilaginous  consistence,  which,  sends  off  pro- 
cesses into  the  lateral  branches. 

I  have  been  unable  to  find  any  pseud-hsBmal  vessels  in 
Polynoe  Bquamctta,  and  as  Olaparede  *  could  discover  none  in 
the  transparent  P.  lunulata,  it  is  safe  to  assume  their  non- 
existence. Glapar^e,  in  fact,  denies  them  to  the  whole  of 
the  AphrodiiidoB. 

When  it  is  present,  the  pseud-hsemal  system  varies  very 
much  in  the  arrangement  of  its  great  trunks;  but  they 
commonly  consist  of  one  or  two  principal  longitudinal 
dorsal  and  ventral  vessels,  which  are  connected  in  each 
somite  by  transverse  branches.  Where  branchise  exist, 
loops  or  processes  of  one  or  other  of  the  great  trunks 
enter  them.  The  dorsal  and  the  ventral  ti*unks  are  usually 
rhythmically  contractile,  and  contractile  dilatations  at  the 
bases  of  the  branchis  {Etmice),  in  portions  of  the  lateral 
trunks  {Arenicola),  or  in  those  which  supply  the  proboscis 
(Evmoe,  Nereis)^  have  received  the  name  of  "  hearts."  The 
direction  of  the  contractions  is  usually  such  that  the 
blood  IB  propelled  from  behind  forwards  in  the  dorsal 
vessel,  and  in  the  opposite  direction  in  the  ventral  vessel ; 
but  the  course  which  it  pursues  in  the  lateral  trunks 

«  <  Annelidei  Chetopodes  du  Golfe  de  Maples,'  1868,  p.  65. 
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is  probably  verj  irregular.  In  Chlorasma,  in  wbich  even 
the  smallest  ramifications  of  the  vessels  are  contractile,  I 
have  observed  ciBcal  branches  depending  into  the  x>eri- 
visceral  cavity  in  which  the  contained  fluid  underwent 
merely  an  alternate  flux  and  reflux.  Ramified  cflBca 
of  a  similar  kind  appear  to  exist  in  the  oligochatous 
genera,  Euaaes  and  lAxmiJtyriculuB,  The  principal  trunks 
give  off  a  great  number  of  branches,  which  ramify  very 
minutely  in  some  Annelids  (Eumoe)  and  may  give  rise  to 
retia  mirabilia  {Nereis) ;  but  in  many  (e,g.  Prottda),  there 
are  hardly  any  branches  and  no  minute  capillary  ramifi- 
cations. 

In  many  Pohfchceta  no  segmental  organs  have  yet  been 
discovered,  and  in  others  they  appear  to  be  represented  by 
mere  openings  in  the  parietes  of  the  body.  I  have  observed 
short  ciliated  canals  opening  externally  upon  the  ventral 
surface  at  the  bases  of  the  parapodia  in  PhyUodoce  viridis, 
and  there  are  indications  of  the  existence  of  similar  organs 
in  Syllis  mttata.  True  segmental  organs  have,  however, 
been  found  by  Ehlers  and  Clapar^de  in  many  Polyckoeta,  In 
some  cases  their  walls  are  thick  and  glandular,  and  they 
probably  have  a  renal  function.  In  addition,  they  frequently 
play  the  part  of  oviducts  and  spermiducts.  Whether  the 
ciliated  canal  extending  along  the  ventral  surface  of  the 
intestine,  which  I  have  described  in  Protula,  is  a  structure 
of  the  same  order  or  not,  I  am  not  prepared  to  say. 

The  nervous  system  of  the  Polychoesta  usually  consists  of 
a  chain  of  ganglia, — one  pair  for  each  somite, — connected 
together  by  longitudinal  and  transverse  commissural  bands, 
which  diverge  between  the  cerebral  ganglia  and  the  suc- 
ceeding pair,  to  allow  of  the  passage  of  the  cesophagns. 
The  most  important  differences  presented  by  the  nervous 
systems  of  the  Polychceta,  result  from  the  varying  length 
of  the  transverse  commissures.  In  Vemdliaf  Serpula,  Bdbella, 
these  commissures  are  very  long,  so  that  two  distinct  and 
distant  series  of  ganglia  appear  to  run  through  the  body, 
while,  in  Nepthys,  the  two  series  of  ganglia  ore  fused  into 
a  single  cord  enlarged  at  intervala.    Evexy  transitional 
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condition  between  these  is  observable  in  Terebella,  Aonia, 
Glycera,  PhyUodoce,  and  Aphrodite.  In  most  Polychceta  a 
verj  eztensive  series  of  visceral  nerves  supplies  the  alimen- 
tary canal. 

The  recognisable  organs  of  sense  in  the  Anrielida  are  ejes 
and  anditorj  vesicles.  The  former  are  usually  very  simple, 
consisting  of  an  expansion  of  the  extremity  of  the  optic 

Fig.  55. 


—e 


Fiff.  55« — A.  Anterior  end  of  the  nervous  system  of  Pofynoe  tquamafa 
(alter  De  Quatrefoges) :  a,  cerebral  ganglia ;  6«  (esophageal  oommis- 
saree ;  c,  longitudinal  commissures  of  the  ventral  ganglia. 

B.  Anterior  end  of  the  nervous  svstem  of  SabeUa  flabellata  (after 
De  Quatrefages):  a,  cerebral  ganglia ;  &,  cesophageal  commissures ;  e, 
longitudinal  commissures  of  the  ventral  ganglia.  Those  of  opposite 
•idea  are  united  by  long  transverse  commissures. 

nerve,  imbedded  in  pigment,  and  provided  occasionally,  but 
not  invariably,  with  transparent  spheroids  or  cones.  Aleiope 
and  Torrea  have  veiy  well  developed  and  large  eyes.  The 
eyes  are  usually  confined  to  the  anterior  extremity  of  the 
body,  and  to  the  preestomium  where  it  exists ;  but,  in  the  re- 
markable genus  Polyophthahnvis,  De  Quatre{ages  discovered, 

B 
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beddes  the  ordinary  oepbalio  ejes,  a  double  series  of  addi- 
tiozial  yisual  organs,  one  pair  being  allotted  to  each  somite. 
In  Branchwmma^  eyes  are  situated  at  the  ends  of  the  bran- 
chial plumes.  Ehrenberg  has  described  two  caudal  eyes  in 
Amphicorat  and  De  Quatref  ages  has  shown  that  similarly 
placed  eyes  exist  in  three  other  species  of  PoJychoBta,  two  of 
which  are  closely  allied  to  AmphieorOt  while  the  other  is 
an  errant  form,  related  to  LuimbrinereU.  These  curious 
worms  are  said  to  swim  about  with  the  caudal  extremity 
forwards. 

Auditory  sacs,  containing  many  otoliths,  have  been  ob- 
served upon  each  side  of  the  oesophageal  ring  in  Areni- 
eola,  and  similar  organs  have  been  noticed  in  other  Tuhicola ; 
but  hitherto  their  existence  has  not  been  certainly  deter- 
mined in  the  Errantia, 

The  genitalia  of  the  polychstous  Annelida  are  exces- 
sively simple  in  their  structure;  indeed,  special  repro- 
ductive organs  can  hardly  be  said  to  exist  in  most,  the 
generative  products  being  merely  developed  from  some 
part  of  the  walls  of  the  perivisceral  cavity,  in  which  they 
eventually  freely  float,  making  their  way  out  in  a  manner 
which  is  not  quite  understood  at  present ;  probably,  how- 
ever, through  temporary  or  permanent  ax>ertures  at  the 
bases  of  the  parapodia.  In  many,  the  segmental  organs 
appear  to  serve  as  excretory  ducts.  As  a  rule,  the  poly- 
chsetous  Annelids  are  dioecious ;  but  some  {e.g,  Protula,  Fig. 
54)  are  hermaphrodite.  The  ova  undergo  their  development 
within  the  body  of  the  parent  in  some  species  of  Eunice ; 
in  pouches  attached  to  the  body  in  Eoeogone ;  in  masses  of 
gelatinous  matter  which  adhere  to  the  tubes  of  the  vermi- 
dom  in  Protula;  beneath  the  elytra  in  Polynoe  cirraia; 
in  the  cavity  of  the  opercular  tentacle  in  some  Spirorhes ; 
while,  in  other  cases,  they  appear  to  becoihe,  almost  imme- 
diately, free  ciliated  embryos. 

The  vitellns  undergoes  division,  and  is  converted,  as  in  the 
case  of  the  Oligochceta  and  Hirudineaf  into  blastomei*es  of 
two  kinds.  This  contrast  between  the  two  components  of 
the  embryo  commences  with  the  division  of  the  vitellus  into 


THB  DBYBLOPMENT  OF  THS   POLTCHJETA.  248 

two,  inasmuch  as  the  first  fismire  is  nsaaJlj  so  directed  as  to 
divide  the  yelk  into  nneqnal  portions.  Both  subdivide^ 
bat  the  smaller  much  faster  than  the  larger ;  so  that  the 
former  becomes  conyerted  into  yery  small  blastomeres, 
which  gradnallj  envelope  the  larger  blastomeres  lesultiDg 
from  the  subdivision  of  the  latter.  The  larger  included 
blastomeres  are  destined  to  form  the  alimentary  tract; 
the  smaller  peripheral  ones,  on  the  other  hand,  give  rise 
to  the  ectoderm,  and  to  the  nervous  ganglia.*  As  in  the 
OUgoehceta  and  Hitntdinea,  again,  the  mesobhist  forms  a 
thick  band  on  each  side  of  the  median  ventral  line,  and 
its  transverse  division  originates  the  segmentation  of  the 
body.  But,  generally,  the  development  of  the  protogomites, 
as  these  segments  might  be  called,  does  not  occur  until 
some  time  after  the  embryo  has  been  hatched.  The  somites 
increase  in  number  by  the  addition  of  new  ones  between 
the  last  and  the  penultimate  somite. 

The  embryos  of  the  Polyehceta  differ  from  those  of  the 
Oligoehceta  and  Hirudinea  in  being  ciliated.  In  some  cases, 
the  cilia  form  a  broad  zone  which  encircles  the  body, 
leaving  at  each  end  an  area,  which  is  either  devoid  of  cilia, 
or,  as  is  frequently  the  case,  haa  a  tuft  of  long  cilia  at  the 
cephalic  end.    Such  larvie  are  termed  Atroeha, 

In  other  embryos  the  cilia  are  arranged  in  one  or  more 
narrow  bands,  which  surround  the  body.  A  very  common 
arrangement  is  one  in  which  a  band  of  cilia  encircles  the 
body  immediately  in  front  of  the  mouth,  the  region  in 
front  of  the  band  bearing  eyes,  and  becoming  the  prssto- 
mium  of  the  adult  {e.g.  Polyrim).  In  such  embryos,  there 
is  very  commonly  a  second  band  of  cilia  around  the  anal 
end  of  the  embryo,  and  a  tiift  of  cilia  is  attached  to  the 
centre  of  the  prsBstomium.  These  larvee  are  caUed  Teloiroeha. 
In  other  cases,  one  or  many  bands  of  cilia  surround  the 
middle  of  the  body,  between  the  mouth  and  the  hinder 
extremity.    These  are  Mesotrocha, 

In  the  telotrochous  larva  of  PhyUodoee  a  shield-shaped, 

*  Claparede  and  Metscbnikoif,  '  Beitrage  zur  Kenntniss  der  Eni- 
wickeluiigBgeschichte  der  Chaeiopoden,*  1&68. 
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mantle-like,  eleratioii  of  the  integ^ament  coyera  the  dorsal 
region  of  the  body  behind  the  pne-oral  ciliated  ring.  In 
the  larvsB  of  the  SerpulidcB  a  process  of  the  integument 
grows  oat  behind  the  month,  and  surrounds  the  anterior 
part  of  the  body  of  the  larva  like  a  tui-ned-back  collar.  It 
persists,  as  a  kind  of  hood,  in  the  adult. 

Some  larre  are  provided  with  setss  of  a  different  cha- 
racter from  those  which  are  possessed  by  the  adult,  and 
which  are  cast  off  as  development  advances. 

Many  PolychcBta  multiply  by  a  process  of  zooid  develop- 
ment,  which,  in  some  cases,  appears  to  be  a  combination  of 
fission  with  gemmation ;  in  others,  to  approach  very  nearly 
to  pure  fission  or  pure  gemmation.  The  result  is,  not  infre- 
quently, the  formation  of  long  chains  of  connected  zooids. 

The  method  of  multiplication  which  De  Quatrefages  ob- 
served in  SyUis  prolifera,  is  nearly  simple  fission,  the  animal 
dividing  neai*  its  middle,  and  the  posterior  division  ac- 
quiring a  new  head. 

In  Myrianida,  Milne-Edwards  has  described  the  occur- 
rence of  a  sort  of  continuous  budding  between  the  ultimate 
and  pentdtimate  segments,  in  which  region  new  segments 
are  formed  until  the  zooid  has  attained  its  full  length. 

Frey  and  Leuckart  and  Slrohn  have  shown  that  Autolytus 
prolifer  multiplies  in  a  somewhat  similar  manner;  but, 
instead  of  each  new  zooid  being  formed  at  the  expense  of 
an  entire  somite,  it  is  developed  from  only  a  portion  of  one. 
Finally,  I  found  in  ProMa  Dysteri  that,  when  the  Protula 
had  attained  a  certain  length,  all  the  somites  behind  the 
sixteenth  became  eventually  separated  as  a  new  zooid ;  but 
the  development  of  the  latter  is  not  mere  fission,  inasmuch 
as  one  of  the  earliest  steps  in  the  process  is  the  enlarge- 
ment of  the  seventeenth  somite,  and  its  conversion  into 
the  head  and  thorax  of  the  bud  (Fig.  54,  B).  Sars  has 
described  a  similar  mode  of  multiplication  in  his  Filoffrana 
implexa,  a  very  closely  allied  form. 

In  SyUis  and  in  Proitda,  the  producing  and  the  produced 
zooids  alike  develope  generative  products,  but  in  Auiolytus, 
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Krohn  has  shown  that  the  primary  producing  zooid  remains 
sexless,  the  secondary  produced  zooids  having  a  somewhat 
different  form,  and  alone  giving  rise  to  ova  and  sperma* 
tozoa. 

In  some  species  of  the  genus  Nereis,  the  worm,  after  the 
development  of  its  genital  organs  has  taken  place,  takes 
on  the  characters  of  what  was  formerly  considered  a 
distinct  genus,  Heteronereis ;  and  the  males  and  the  females 
of  the  same  species  of  Nereis  have  even  heen  regarded  as 
different  species  of  Heteronereis,* 

The  series  of  forms  represented  by  the  ThMrheUaria,  the 
Hirttdinea,  the  Oligochceta,  and  the  Folychoeta,  illustrates 
the  manner  in  which  a  type  of  organisation,  which,  in  its 
simplest  condition,  exhibits  but  little  advance  upon  a  mere 
Grastrula,  passes  into  one  in  which  the  body  is  divided  into 
many  segments,  each  provided  with  a  pair  of  appendages 
or  rudimentary  limbs* 

The  segmentation,  or  serial  repetition  of  homologous 
somites,  extends  to  the  nervous  system,  and,  more  or  less, 
to  the  vascular  and  reproductive  organs,  in  the  higher  forms 
of  these  "  Annulose  "  animals ;  from  which  a  farther  exten* 
sion  of  the  same  process  of  segmentation,  with  a  fuller 
development  of  the  appendages  and  a  more  complete  appro* 
priation  of  some  of  them  to  manducatoiy  pui*poses,  leads 
U3  to  the  Afihropoda. 

The  Gbphtsea. — These  are  marine  vermiform  animals 
without  distinct  external  segmentation  or  parapodial  ap- 
pendages. The  ectoderm  has  a  chitinous  cuticle,  and  is 
often  provided  with  tubercles,  hooks,  or  setsB  of  chitin 
{.EchitMrus,  8temaspis\  No  calcareous  skeleton  is  found  in 
any  of  the  C^ephyrea,  The  integument  frequently  contains 
numerous  simple  glands,  the  apertures  of  which  perforate  the 
cuticle.  In  one  genus  {Btenuispis),  two  shield-shaped  plates, 
fringed  with  sets,  are  developed  upon  the  hinder  part  of  the 

*  Ehlen,  **I>ie  Gattang  Heteronereu,"    (<G5ttingen  Nachrichten/ 
1867.) 
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▼entral  surface  of  the  bodj.  There  are  external  circular, 
and  internal  longitadinal  moacular  fibres  beneath  the  ecto- 
derm. An  inner  layer  of  drcularlj  disposed  muscolar 
fibres  maj  be  added.  The  oral  end  of  the  body  maj 
haye  the  form  of  a  retractile  proboscis  (Priapuhu),  or  be 
provided  with  tentacular  appendages.  These  maj  be 
arranged  in  a  circle  round  the  month,  and  short  {Sipun* 
cyhu.  Fig.  56,  I.  t),  or  long  {Phoronis),  or  there  maj  be 
a  single  long,  sometimes  bifurcated  and  ciliated,  tenta- 
cular appendage  {BonelUa),  Filamentoos  appendages, 
which  are  probably  branchiee,  are  given  off  at  the  hinder 
end  of  the  body  in  Stemaspia  and  Priapulus,  The  endo- 
derm  is  usually  ciliated  throughout.  The  intestine  is 
straight  in  most  genera,  but  is  coiled  and  bent  upon 
itself,  so  as  to  terminate  in  the  middle  of  the  body,  in 
Sipuncultu  (Fig.  56, 1.).  In  PhoronU  the  anus  is  close  to 
the  mouth.  The  anal  aperture  is  al¥rays  situated  upon  the 
dorsal  aspect  of  the  body.  There  is  a  spacious  perivisceral 
cavity  undivided  by  mesenteries,  which  in  some  cases  (Pria^ 
pulu9,  Sipunculus)  opens  externally  by  a  terminal  pore.  In 
Eohiwnu,  BaneUiaf  Thcdassemiif  a  pair  of  tubular,  some- 
times branched  organs,  which  are  ciliated  internally,  and 
communicate  by  ciliated  apertures  with  the  perivisceral 
cavity,  open  into  the  rectum.  These  appear  to  represent 
iAie  water-vessels  of  the  Botifera  and  the  respiratory  tubes 
of  the  HolothurioB, 

A  pseud-hsBmal  system  exists  in  most  {Sipuneulus,  Ster- 
nwpisy  BoneUia,  Eehivrus,  and  Phoronis),  and,  when  fully 
develox>ed,  (consists  of  two  longitudinal  trunks— one  dorsal, 
or  supra-intestinal,  the  other  ventral,  with  their  terminal 
and  lateral  communications.  The  pseud-hasmal  fluid  is 
colourless,  or  may  have  a  pale  reddish  tinge,  in  most.  In 
Phoronis  it  is  said  to  contain  red  corpuscles.  In  Sipun- 
evUue,  the  cavities  of  the  tentacles  commtmicate  with  a 
circular  vessel  provided  with  csdcal  appendages ;  and  this 
circular  vessel  is  said  to  open  into  the  pseud-hsemal  vessels. 

The  nervous  system  presents  a  collar,  which  aurrounds 
the  (esophagus,  and  from  which  a  simple  or  ganglionated 
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oord    proceeds    backwarda    in    the  Tentral   median    line. 


Fie.  M. — SiptncMltu  HurUit  (Bfter  KefcriteJA  and  Ehlen;  * 
I.  riM  nimal  laid  open  kmnlIadluKy-t  ii.i.  T;  rentaele*-,  r,  the 
four  retractor  muiclef  of  ihe  proboecia  ;  r,  the  piiInU  at  which  tbey 
were  attached  lu  Ihe  walli  of  the  body;  a,  (eiophsgui ;  i,  Intei- 
tlne;  ^T  maoi ;  J.  J',  loop*  of  Ihe  inlcBtlne;  f.  y,  ■ppenduei  of  the 
laotum ;  t,  fuiifbrm  mmole;  v,  ciliated  fcniovs  on  (he  inner  lide 
of  the  inleitine;  4,  anal  muiclef;  a,  ctecal  glunds;  I,  eccawhieh 
open  on  each  aide  of  Ihe  nervooi  cord,  and  are  generally  coniidered 

which  endi  In  a  lobed  ganglionic  masa,  dote  (o  the  mouth,  and 
preaenti  an  enlargement,  r;*,  ai  ill  poslerlor  end;  n,  n',n',  tnuaelea 
OMoelaled  viih  [he  nerroua  corda. 

11.  A  larval  SipunculiuatiODI  ^  of  an  inch  Ions. — a,niourh;  i>,fullet; 
I,  cKcal  gland;  ^  inteiclne  wiLh  motoei  of  htly  cell);  ",  anui;  ir, 
ciliated  grooTe  of  the  intesline;  g,  brain  with  two  pair*  of  red  eye- 
■pot*;  ■,  nervoua  oord,  p,  pore;  1, 1,  ao-cailed  tMM*;  W  W,  eirolet 
of  cilia. 

giring  off  lateral  broncbee.  The  Tentral  cord  contains  u 
•  'ZoologlKbe  fidtiigo,*  IStil. 
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central  canal,  and  the  collar  usually  presents  a  cerebral 
ganglionic  enlargement.  Rudimentuy  eyes  are  sometimes 
connected  with  the  cerebral  ganglion. 

The  sexes  are  distinct,  and  the  reprodnctive  elements  are 
developed  either  from  the  parietes  of  the  perivisceral  cavity 
or  in  simple  csBcal  glands.  In  Siptmculus,  the  ova  and 
spermatozoa  float  freely  in  the  perivisceral  cavity. 

The  actively  locomotive  embryo  of  Sipuncuhu  (Fig.  56,  II) 
is  surrounded  by  a  circular  band  of  cilia  placed  immediately 
behind  the  mouth  (w,  w),  and  resembles  a  Botif er  or  a 
mesotrochal  Annelidan  larva.  As  development  advances  it 
loses  this  apparatus,  and  passes  gradually  into  the  adult 
form.  In  PhoronU,  the  embryo  is  also  mesotrochal,  but  it 
has  two  ciliated  bands,  one  circular,  round  the  anus,  and  the 
other  immediately  behind  the  mouth.  The  post-oral  band 
of  cilia  is  produced  into  numerous  tentaculif orm  lobes,  and 
fringes  the  free  edge  of  a  broad  concave  lobe  of  the  dorsal 
side  of  the  body,  which  arches  over  the  mouth.  In  this 
state  the  embryo  is  the  so-called  AcUnoirocha,^  An  invagi- 
nation of  the  ventral  integument  of  the  larva  connects 
itself  with  the  middle  of  the  intestine,  and  then,  becoming 
evaginated,  puUs  the  intestine,  in  the  form  of  a  loop,  into 
the  ventral  process  thus  formed,  which  gives  rise  to  the 
body  of  the  Pharonis,  while  the  tentacles  of  the  larva  grow 
into  those  of  the  adult.  Schneider  has  suggested  that 
the  bell-ehaped  larva,  with  long  set®,  termed  Mitraria  by 
Miiller,  is  the  embryo  of  StenuupU. 

The  affinities  of  the  Cfephfrea  with  the  TurheUaria,  with 
the  Annelida,  and  with  the  Botifera,  are  unmistakable. 
In  fact,  it  may  be  doubted  whether  Siema^^  should  not  be 
associated  with  the  PolychcBta,  and  BoneUia  is  in  many  re- 
spects comparable  to  a  colossal  Botifer.  Their  usually 
assumed  connexion  with  the  Echinodermata  is  more  ques- 
tionable. The  circular  canal  which  communicates  with  the 
cavities  of  the  tentacles  in  Sipwneulua  has  been  compared 
to  the  ambidacral  system  of  the  Echinoderms,  but  the 

*  Schneider.  "  Ueber  die  Metamorphote  der  Actimotrotka  hnmehiuia,** 
(*  Archiv  tilr  Anat./  1862.) 
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manner  of  its  development  is  not  yet  safficiently  nnderstood 
to  justify  the  expression  of  an  opinion  on  this  subject. 
Krohn  has  described  a  bilobed  organ  on  the  yentral  face 
of  the  gullet  of  the  larva  of  Sipunculus,  which  opens 
externally  in  front  of  the  ciliated  band  by  a  narrow  ciliated 
duct  *  (Fig.  56,  II.  s).  It  has  a  striking  similarity  to  the 
''  water-vessel "  of  the  larva  of  Btdanoglosmu,  which,  how. 
ever,  lies  on  the  opposite  side  of  the  body. 

•  **  Ueber  die  Larve  dei  S^ntnculvn  nudua,^*    C  Arohiv  fur  Anat.,* 
13JL) 
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CHAPTER  VI. 

THB  ABTH&OPODA. 

The  segmentation  of  the  hodj,  that  is,  its  division  into  a 
series  of  somites,  each  provided  with  a  pair  of  lateral 
appendages,  which  is  so  characteristic  a  feature  of  the 
higher  Annelids,  is  exhibited  in  a  still  more  marked  degree 
bjthe  Arihropoda,  In  these  animals,  moreover,  the  appen- 
dages themselves  are  usually  divided  into  segments,  while 
one  or  more  pairs  of  the  appendages  in  the  neighbourhood 
of  the  mouth  are  modified  in  form  and  position  to  sub- 
serve manducation.  Segmental  organs,  at  least  in  their 
Annelidan  form,  are  wanting  in  the  Arthropoda,  and  neither 
in  the  embryonic  nor  the  adult  condition  do  they  ever 
possess  cilia. 

The  process  of  yelk*division  may  be  complete  or  incom- 
plete, but  no  known  Arthropod  ovum  gives  rise  to  a  vesicu- 
lar  morula,  nor  is  the  alimentary  cavity  ordinarily  formed 
by  invagination.*  The  precise  mode  of  origin  of  the  meso- 
blast  has  yet  to  be  worked  out,  but  the  perivisceral  cavity 
appears  always  to  be  developed  by  its  splitting.  In 
other  words  it  is  a  schUoeode. 

As  with  Annelids,  the  segmentation  of  the  body  results 
from  the  subdivision  of  the  mesoblast  by  transverse  con- 
strictions into  jprotosomiies ;  and  there  is  every  reason  to 
believe  that  the  ganglionated  nervous  chain  arises  from  an 
involution  of  the  epiblast. 

*  The  recent  obiervations  of  show  that  the   hypoblaat  arises 

Bobretzky  on  the  d'-velopment  bya  sort  of  modified  invagination 

of  Oniacus a.nd  Aftactu {Hofmunn  of   the     primitive     blastoderm, 

and  8chwalbe,  *  Jahresberichte/  And  in  other  Arthropoda  there  are 

Bd.  ii.,  1875J  however  tend  to  indications  of  a  similar  process. 
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!Fhe  neural  face  of  the  embrjo  is  fashioned  first,  and  its 
anterior  end  terminates  in  two  rounded  expansions — ^the 
proeephalie  lobes — ^which  are  converted  into  the  sides  and 
front  of  the  head. .  The  appendages  are  developed  as  paired 
ontgrowths  from  the  neural  aspect  of  each  somite,  and  what- 
ever their  ultimate  form,  thej  are,  at  first,  simple  bud-like 
processes.  Very  generally,  a  broad  median  prolongation  of 
the  sternum  of  the  somite  which  lies  in  front  of  the 
mouth,  g^ves  rise  to  a  lahi-um ;  while  a  corresponding,  but 
often  bifid  median  elevation,  behind  the  mouth,  becomes 
a  meiastoma. 

In  many  Arthropods,  the  hsdmal  or  tergal  face  of  the 
bodj  g^ows  out  into  lateral  processes,  which  may  either  be 
fixed,  or  more  or  less  moveable.  The  lateral  prolongations 
of  the  carapace  in  the  Omstacea  and  the  wings  of  Inaecta 
are  structures  of  this  order. 

In  a  number  of  Insects  belonging  to  different  orders  of 
the  class,  an  amnionic  investment  is  developed  from  the 
extra-neural  part  of  the  blastoderm  by  a  method  similar 
to  that  which  gives  rise  to  the  amnion  in  the  higher  Verte- 
hrata. 

In  all  the  higher  Arthropods,  a  certain  number  of  the 
somites  which  constitute  the  anterior  end  of  the  body 
coalesce  and  form  a  head,  distinct  from  the  rest  of  the 
body;  and  the  appendages  belonging  to  these  confluent 
somites  undergo  remai'kable  modifications,  whereby  they 
are  converted  into  organs  of  the  higher  senses  and  into 
jaws.  In  many  cases,  the  somites  of  the  middle  and 
posterior  parts  of  the  body  become  similarly  differentiated 
into  groups  of  polysomitic  segments,  which  then  receive 
the  name  oi  thorax  and  abdomtn.  The  somites  entering  into 
each  of  these  groups  may  remain  distinct  or  may  coalesce. 
The  tergal  expansions  of  the  somites  of  the  head,  or  of  both 
head  and  thorax,  may  take  the  shape  of  a  broad  shield,  or 
earopoee.  This  may  constitute  a  continuous  whole  {e,g^ 
Apu»,  Astacus) ;  or  its  two  halves  may  be  moveably  connected 
by  a  median  hinge,  like  a  bivalve  shell  {Cyyrii,  Idmnadia) ; 
or  finally,  the  tergal  processes  of  each  side  may  remain  dis- 
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tinct  from  one  another  and  freelj  moveable  on  their  respec- 
tive somites  (wings  of  Insects). 

Limbs,  or  appendages  capable  of  effecting  locomotion, 
are  always  attached  either  to  the  head  or  to  the  thorax,*"  or 
to  both.  They  maj  be  present  or  absent  in  the  abdominal 
region.  In  adtdt  Araehnida  and  Insecta,  there  are  no 
abdominal  limbs,  unless  the  accessory  organs  of  generation, 
the  stings  of  some  insects,  and  the  peculiar  ap])endages  of 
the  abdomen  in  the  Thyaanwra  and  CoUembola  be  such* 

The  alimentary  apparatus  presents  very  wide  diversities 
in  form  and  structure,  and  in  the  number  and  nature  of 
its  glands.  The  anus,  which  is  very  rarely  absent,  is  situated 
in  the  hindermost  somite. 

In  like  manner,  the  blood-vascular  system  varies  from  a 
mere  perivisceral  cavity  without  any  heart  {(Mraeoda,  Cirri* 
pedia)  up  to  a  complete,  usually  many-chambered  heart  with 
well-developed  arterial  vessels.  The  venous  channels,  how- 
ever, always  have  the  nature  of  more  or  less  definite 
lacuna.  The  blood  corpuscles  are  colourless,  nucleated 
cells. 

Special  respiratory  organs  may  be  absent^  or  they  may 
take  one  of  the  following  forms. 

1.  BnmehuB.  Externally  projecting  processes  of  the  body 
or  limbs,  supplied  with  venous  blood,  which  is  thus  brought 
into  contact  with  the  air  dissolved  in  water. 

2.  ISrackem.  Tubes  which  traverse  the  body  and  gene- 
rally ox>en  upon  its  exterior  by  ax>erture8  termed  digmaia, 
and  thus  bring  air  into  contact  with  the  blood  and  the 
tissues  generally.  Saccular  reservoirs  of  air  are  often 
formed  by  dilatations  of  these  tubes. 

The  so-called  Trxicheo-hrajickicR  of  some  aquatic  Insect 
larvffi  are  usually  laterally  projecting  processes  of  more 
or  fewer  of  the  thoracic  or  abdominal  somites,  containing 
abundant  tracheee,  which  communicate  with  those  which 
traverse  the  body  {jEphemend4B,  PerlaridcB),  They  are  in 
no  sense  branchiee,  but  simply  take  the  place  of  stigmata. 
The  exchange  of  constituents  between  the  air  contained 

*  The  extinct  TrUobitea  possibly  form  an  exception  to  this  rule. 
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in  the  trachesB  of  these  animalfl  and  that  of  the  surrounding 
medium,  is  effected  indirectly,  by  diffusion  through  the 
waDs  of  the  tracheo-branchiffi,  instead  of  directly,  through 
the  stigmata,  as  in  other  cases. 

In  the  aquatic  larvsB  of  many  Dragon-flies  (LibellvZidce), 
the  function  of  the  tracheo-branchisB  is  performed  by  folds 
of  the  lining  membrane  of  the  rectum,  which  contain  abun- 
dant trachese.  Water  is  drawn  into,  and  expelled  from,  the 
cavity  of  the  rectum  by  rhythmical  contractions  of  its  walls, 
so  as  to  secure  the  exchange  of  gaseous  constituents  between 
the  air  which  it  contains  and  that  which  fills  the  trachese. 

3.  FtUmonary  aacs.  These  are  met  with  only  in  some 
Arachnida.  They  are  involutions  of  the  integument,  the 
walls  of  which  are  folded  in  such  a  manner  as  to  expose 
a  large  surface  to  the  air,  which  is  alternately  taken  into, 
and  expelled  from,  their  apertures.  The  blood  is  brought 
to  these  sacs  by  venous  channels. 

The  exact  mode  by  which  the  separation  of  the  nitro- 
g^ouB  products  of  the  waste  of  the  tissues  from  the  blood 
is  effected  in  Arthropods  requires  further  elucidation.  In 
many  however,  such  products,  notably  uric  acid,  have  been 
found  to  abound  in  the  cor^pus  adyposwm — ^a  cellular  mass 
which  lies  in  the  walls  of,  and  more  or  less  fills,  the  peri- 
visceral cavity — and  in  the  Malpighian  glands.  In  the 
latter  case,  they  are  conveyed  out  of  the  body  by  the  intes- 
tine. 

The  nervous  system  consists  primitively  of  a  pair  of 
ganglia  for  each  somite,  but  the  number  of  ganglia  dis- 
coverable in  the  adult  depends  on  the  extent  to  which 
these  primitive  ganglia  coalesce.  There  is  usually,  if 
not  always,  a  well-developed  system  of  gauglionated  vis- 
ceral nerves,  connected  with  the  cerebral  ganglia  and 
distributed  to  the  gullet  and  stomach. 

Eyes  are  usually  present;  and,  when  they  exist,  they  are 
almost  always  situated  in  the  head  and  are  connected 
with  the  cerebral  ganglia.  Among  the  Crustacea,  however, 
JEuphausia  has  eyes  in  some  of  the  thoracic  limbs,  and  in  some 
abdominal  somites.    The  eyes  may  be  simple  or  compound. 
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In  the  latter  case  there  are,  in  correspondence  with  the 
number  of  parts  into  which  the  transparent  corneal  con- 
tinuation of  the  chitinous  cuticula  over  the  eye  is  divided, 
a  number  of  elongated  bodies  which  lie  between  the  outer 
surface  of  the  ganglionic  expansion  of  the  optic  nerve  and 
the  inner  face  of  the  cornea.  These  bodies  consist  of 
two  parts :  an  external  transparent  crysialline  cone  and  an 
internal  privmatic  rod.  The  broad  end  of  the  cone  is 
external,  and  is  applied  to  the  inner  surface  of  the  corneal 
facet ;  its  narrow  end  is  continuous  with  the  outer  extremity 
of  the  prismatic  rod,  which,  by  its  inner  end,  is  connected 
with  the  ultimate  ramifications  of  the  optic  nerve.  Each 
of  these  crystalline  cones  and  prismatic  rods  is  separated 
from  the  rest  by  a  pigmented  sheath.* 

Distinct  auditory  organs  have  been  observed  in  Cms. 
taceans  and  Insects.  They  are  not  exclusively  confined 
to  the  head.  In  the  opossum  shrimp  (Myne),  for  example, 
they  are  placed  in  the  appendages  of  the  last  somite  of  the 
abdomen.  And  in  Insects,  the  only  organs  to  which  the 
auditory  function  can  be  certainly  assigned  are  situated 
in  the  thorax  or  in  the  legs. 

There  is  some  reason  to  think  that  the  antennie  of  Insects 
are  the  seat  of  the  olfactory  function,  but  no  certain 
information  on  this  head  has  been  obtained.  The  very  fine 
set®  to  the  bases  of  which,  nerves  can  be  traced,  which 
abound  on  the  antennary  organs  of  Insecta  and  Crusiajoea^ 
but  are  found  in  other  regions  of  the  body,  are  probably 
partly  tactile  and  partly  auditory  organs. 

As  a  general  rule,  all  the  muscles  of  the  Arthropoda,  even 
those  of  the  alimentary  canal,  are  striated.  Those  of  the 
body  and  limbs  are  often  attached  by  chitinised  tendons  to 
the  parts  which  they  have  to  move.  As  the  hard  skeleton 
is  hollow  and  the  muscles  are  inside  it,  it  follows  that  the 
body,  or  a  limb,  is  bent  towards  that  side  of  its  axis,  which 

*  Leydig, '  Das  Ange  der  Glie-  eye  of  the  lobster,  accompanied 

derthiere,'   1864.     Schulze,  *  Un-  by  full  references  to  the  litem- 

tersuchungen,'   1868.    Mr.  £.  T.  ture  of  the  subject,  in  the  *Quar- 

Newton  has  given  a  very  good  teriy  Journal  of   Microscopicid 

account  of  the  structure  of  the  Science '  for  1875. 
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is    oppoeite  to  that  on  which  a  contracting   rnnade  is 
situated. 

Sounds  ore  produced  bj  many  Insects;  but  in  most 
cases,  thej  cannot  be  properly  referred  to  a  voice,  in  the 
sense  in  which  that  term  is  applied  to  the  sounds  pro- 
duced in  the  higher  animals,  bj  the  yibrations  of  the 
atmosphere  arising  from  the  impact  of  a  current  of  air 
upon  the  free  edges  of  membranes  bounding  the  aperture  of 
exit  of  the  current.  The  chirping  and  humming  of  Insects 
often  arise  from  the  friction  of  their  hard  parts  against 
one  another,  or  from  the  rapid  vibration  of  their  wings :  in 
some  instances,  howeyer,  recent  investigations  render  it 
probable  that  thej  are  produced  by  the  action  of  expiratory 
currents  on  tense  membranes  which  bound  the  stigmata. 

Agamogenesis  is  very  common  among  some  groups 
of  the  Afihropoda,  such  as  the  Crtutaeea  and  the  Inseda, 
but  has  not  yet  been  observed  in  the  Myriapoda  or  the 
Afxiehnida.    It  may  be  effected  in  one  of  two  ways : 

1.  Either  individuals  which  are,  by  their  structure,  incap- 
able of  being  impregnated  and  are  therefore  physiologically 
sexless,  though  it  may  happen  that  they  more  or  less  ap- 
proximate females  morphologically,  give  rise  to  offspring 
[Cecidomyia  larv89.  Aphis) ; 

2.  Or  individuals  which  are  capable  of  being  impregnated, 
and  are  thus  both  morphologically  and  physiologically  true 
females,  give  rise  to  eggs  which  develope  without  impreg- 
nation. (The  queen  bee,  so  far  as  the  production  of  drones 
is  concerned ;  many  Lepidoptera.) 

The  cases  of  Aptu,  Daphnia  and  CyprxB  would  belong 
to  the  latter  category,  if  it  were  certain  that  the  very  same 
females  which,  for  a  certain  period,  prodnce  young 
agamogenetically,  at  another  time  undergo  fecundation. 
Multiplication  by  fission  or  external  gemmation  is  not 
known  to  take  place  in  any  Arthropod.  Hermaphrodism 
occurs  as  a  rule  in  some  few  Arthropods  {e.g.  the  Cvrripedia 
and  Tardiffrada),  and  as  an  abnormal  'sport'  in  sundiy 
Crustacea  and  in  many  Insecta, 
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In  absolute  number  of  Bpeciee,  the  Arthropoda  far  exceed 
all  the  rest  of  the  animal  kingdom  put  together.  Thus 
Grei-ataecker,*  while  allowing  50,000  species  for  the  latter, 
estimates  the  number  of  species  of  Arthropoda  as  rather 
above  than  below  200,000 ;  by  far  the  larger  proportion  of 
these,  probably  more  than  150,000,  being  Insects. 
• 

The  Arthropoda  are  commonly  divided  into  the  Crtutaeea, 
the  Ara4ihnida,  the  Mffriapoda,  and  the  Iviseeta ;  and  though 
it  is  impracticable  to  give  a  definition  which  shall  absolutely 
separate  the  first  two  groups,  it  is  perhaps  not  worth  while 
to  disturb  an  arrangement  which  has  much  practical  con- 
venience. But,  for  purely  morphological  purposes,  it  may 
be  instructive  to  regard  them  from  another  point  of  view. 

The  Arthropoda  may,  in  fact,  be  divided  into  two  series. 
One  of  these  consiste  almost  wholly  of  air-breathing  forms, 
which,  if  they  possess  special  respiratory  organs,  have  either 
pulmonary  sacs  or  trachese,  or  both  combined ;  while  the 
other  includes  a  corresponding  predominance  of  watei*- 
breathing  animals,  which,  if  they  possess  respiratory  organs, 
have  branchisB.  The  latter  series  contains  the  Crustacea  ; 
the  former  comprises  the  Arachnidat  Myriapodaf  and 
Insecta, 

In  the  course  of  the  development  of  the  higher  Arthropoda, 
there  is  a  stage  in  which  the  body  begins  to  be  segmented, 
but  the  appendages  are  not  developed.  This  is  followed -by 
a  stage  in  which  appendages  make  their  appearance,  but 
the  antennary  and  manducatory  appendages  {grudhites)  are 
like  the  other  limbs :  and,  finally,  there  is  a  stage  in  which 
the  gnathites  are  completely  converted  into  jaws.  Now, 
among  the  water-breathing  Arthropoda,  no  trace  of  Hmbs 
has  yet  been  certainly  discovered  among  the  TrUohUa ;  in 
the  MeroHomata  (Eurffpterida  and  Xiphosura)  the  gnathites 
are  completely  pediform;  while,  in  the  Entomostrtusa  and 
Malaco8tra,ca,  more  or  fewer  of  the  gnathites  are  so  modified 
as  to  subserve  manducation  and  no  other  function. 

*  Bronn*!  *  Klassen  und  Ordnuagen  des  Thierrelchs,*  vol.    v.  p. 
273.     1868. 


THB  GBOTTPS  OF  THB  ABTHBOPOBA.  257 

In  the  air-breatliing  series,  no  completelj  apodal  forms 
are  known.  The  Tardiffrada  and  the  Penkutomida  appear 
to  have  no  jaws ;  bnt  the  presence  of  oral  stilets  in  the 
former,  and  the  position  of  the  hooks  which  represent  the 
limbe  in  the  latter,  throw  some  doubt  upon  this  point. 

In  the  Amchnida  and  the  PeripaUdea  the  gnathites  are 
completelj  pediform.  But,  in  the  Myriapoda,  and  still 
more  in  the  Irueeta,  the  gnathites  lose  the  character  of  iegs, 
and  are  completelj  converted  into  manducatorj  organs. 
Thus  we  arriye  at  the  following  arrangement  of  the  Arihro- 
poda: — 

ABTHBaPOBA. 

L  Without  Onathites^ 
Tbilobita.      Tabdigbada  (P)      Pbntastohida  (P) 

XT.  With  Pediform  Oruxthiies. 
Mbbostomata.         Abachniba.         Pebipatidea. 

Hr.  WWi  MaxiUiform  Gnathites. 

Entomostbaca.  Mybiapoda. 

Maiacostbaoa.  Iksecta. 


Water-breathere.  Air-breathers. 


^B 


For  the  most  pai-t. 

Of  the  four  great  groups,  the  Crustacea  are  those  which 
present  the  greatest  and  the  most  instmctiye  variations 
upon  the  fundamental  tjpe  of  structure ;  while  the  modifi- 
cations of  the  Inseda,  Arachnida,  and  Myriapoda,  are  less 
extensive,  and  maj  be  regarded  as  of  secondary  morpho- 
logical imj^ortance.  The  Crudaeea  will  therefore  be  treated 
of  at  some  length,  while  the  other  groups  will  be  passed 
over  more  lightly. 


8 
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THB  CBU8TACEA. 

The  TBiLOBiTAs— These  ancient  Arthropods,  which  have 
been  extinct  silice  the  latter  part  of  the  Palsozoic  epoch, 
occur  in  the  fossil  state  in  great  numbers,  and  in  conditions 
▼evy  favourable  for  their  preservation ;  but,  up  to  this  time,., 
no  certain  indications  of  the  existence  of  appendages^, 
nor  even  of  any  hard  sternal  body-wall,  have  been  dis* 
covered,  though  a  shi'eld-shaped  labrum,  which  lies  in  front 
of  the  mouth,  has  been  preserved  in  some  specimens.  The 
body  consists  of  a  cephalic  shield  (Fig..57,  A) ;  of  a  variable 
number  of  movably  articulated  thoracic  somites  (Fig.  57,  B) ; 
and  of  a  pygidiwm,  composed  of  a  variable  number  of 
the  somites  which  succeed  the  thorax,  united  together 
(Fig.  57,  0). 

Each  thoracic  somite  presents  a  median  portion,  convex 
from  side  to  side,  termed  the  aais  or  tergwn,  and  two. 
flattened  lateral  portions,  the  ptewra.  Hhe  former  overlap 
one  another  largely  when  the  body  is  extended;  the  latter, 
when  it  is  flexed ;  and  the  freedom  of  motion  permitted  by 
tliia  arrangement  is  so  great,  that  many  Trilobites  were 
able  to  roll  themselves  up  like  woodlice,  and  are  found 
fossilised  in  that  condition.  At  the  lateral  edge  of  each 
pleuron,  the  cuticular  substance  of  whiioh  it  is  composed 
folds  inwards,  and  can  be  traced  on  the  ventral  or  sternal 
side  for  some  distance.  But  in  the  middle  of  the  ventral 
region  no  indication  of  a  sternum  is  discoverable.  It  may 
therefore  be  concluded  that  the  sternal  region  of  the 
somite  was  of  a  soft  and  perishable  nature ;  and  that  the 
thoracic  somite  of  a-Tnlobite  resembled  one  of  the  abdo- 
minal somites  of  a  crab  in  this  and  in  some  other  respects. 

The  gUibellwni  (Fig.  57,  4),  or  central  raised  ridge  of 
tl^e  cephalic  shield,  is  a  continuation  of  the  thoracic  cutw, 
the  Ibbation  of  its  sides  perhaps  referring  to  the  number 
of  primitive  somites  it  represents.  The  Ivmb,  or  lateral 
area  on  either  side,  answers  .to  «  thoracic  pUwron ;  its 
thickened  margin  (Fig.  57«  i)  is  produced  into  two  longer 
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or  shorter  posterior  w^les  (s);  inferiorly,  the  marginal 
band  U  reflected  inwards  for  a  short  distence,  as  the 
nhfimtial/old,  the  remauung  sternal  area  being  incomplete. 
A  median  moveable  plate  answers  to  the  labnim  of  Aptu 
and  J^tmuIiM. '    On  the  occipital  or  lateral  mai^in  of  the 

Kg.  ST. 


Fig.  S7.— DtHTsm  of  Dabuaita  raft«r  Pict«t).~A,  ba»d:  1,  margi- 
nal band ;  2,  mBrsinsI  groorc,  Intsnwl  to  the  twod ;  3,  ooolpitsi 
MgmcDt;  Vgl'^'lBin;  5,  gnst  latnre;  0,  «jci ;  o,  flxsd  gvnk;  ft. 
•aparsble  gn>* ;  gy  genal  snglt ;  B,  thorax ;  7,  uli  or  targnm ;  8, 
plmnm ;  C^  pjgldiam ;  9,  teigal ;  10,  plennJ  porUoni  of  Om  pfgi- 

limb  a  antnre  (Fig.  57,  5)  cominences,  and  passing  between 
the  eje  and  the  glabeUnm,  meets  that  of  tiie  opposite  side 
either  in  front  of  the  latter,  or  on  the  margin  of  the  limb, 
or  on  the  snbfrontal  fold,  and  is  connected  with  the  lahral 
82     . 
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sxitiire  by  one  or  two  sutures.  The  limb  is  thus  divided  into 
two  parts-— one  fixed  (the  jw^d  genc^  Fig.  57,  a),  attached 
to  the  glabellum ;  the  other  separable  (the  moveable  gena. 
Fig.  57»  b),  on  which  the  eye  is  placed.  The  eyes  are  absent 
in  some  genera.  In  others,  they  occur  as  isolated  oceUi ;  or 
in  groups,  their  interspaces  being  occupied  by  the  common 
integxmient;  or  they  may  resemble  the  compound  eyes  of 
other  Arthropods, 

M.  Barrande  *  has  succeeded  in  tracing  out  the  develop- 
ment of  some  species  of  Trilobites.  He  finds  that  the 
smallest,  and  therefore  youngest,  forms  are  discoidal  bodies, 
vrithout  any  clear  evidence  of  segmentation.  The  division 
into  somites  takes  place  by  degrees,  the  number  increasing 
up  to  the  adult  condition.  It  is  possible  that  still  younger 
conditions  may  have  escaped  f  ossilisation,  but  the  analogy 
of  LifmUus  suggests  that  these  small  discoidal  forms  really 
represent  the  condition  in  which  the  Trilobite  left  the  egg. 

The  MEB08T0MATA.t — ^The  only  ezisting  representative 
of  'this  division  of  the  Crtuiacea  is  the  genus  LimulfM  (the 
King  Grabs  or  Horse-shoe  Crabs),  the  various  species  of 
which  are  found  in  America  and  in  the  Moluccas.  They 
are  usually  classed  as  a  distinct  order  of  the  Crtutacea, 
^termed  Xiphoewra  or  PcBcUopoda. 

The  body  of  LimnUus  (Fig.  58)  is  naturally  divided  into 
three  parts,  which  are  moveably  articulated  together.  The 
most  anterior  is  a  shield- shaped  portion,  curiously  similar 
in  form  to  the  head  of  a  Trilobite.  Its  convex  dorsal 
surface  is  similarly  divided  into  a  median  and  two  lateral 
regions;  its  edges  are  thickened,  and  its  posterior  and 
external  angles  are  produced  backwards.  At  the  anterior 
end  of  the  median  region  two  simple  eyes  are  situated, 
and  at  its  sides  are  two  larg^  compound  eyes.  The  sternal 
surface  presents,  anteriorly,  a  flattened  t%tbfrcntaZ  area, 

*  <Sv8ttoe  Silurien^la  oeotre  graph  of  the  Britiah  fossil  Cms- 

de  Boheme.' Tome  i.    Trilobites.  teoea   belonging    to  the    order 

1852.  'MerosU)iirata,''1866. 

t  H.  Woodwtiid,   *A    Mono- 
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behind  wbicli  it  is  deeply  excavated,  m  thftt  the  l&bmm  and 
the  appendages  are  liidden  in  a  deep  cavity  formed  bjr  ita 
shelnng  walla.  The  middle  division  of  the  body  of  XJmiiliw 
exhibits  markings  which  indicate  that  it  is  composed  of,  at 
f  eweat,  six  coaieBced  somites ;  its  margins  are  spinose,  and  ita 
excavated  sternal  face  lodges  the  append^^  of  this  region. 

Pig.  .18. 


(Tcatnl  vUw),  (kftct  Milne-Edwards)  :  a,  uterlor,  b,  middle  dlvlaiaii 
of  the  bodj;  c,  taleon  :  d,  lubfronlBl  arem:  e,  uil«aiiulc«;  /,  uiteu' 
^"^ ;  Si  opercviam ;  A,  bnnohiferoiu  ■ppendBgei. 

The  terminal  division  is  a  long,  pointed,  and  laterally 
serrated  apine,  wliicb  is  termed  the  ieUon. 

The  month  is  placed  in  the  centre  of  the  atemal  surface 
of  the  anterior  division;  the  onus  opens  on  the  same  anr- 
face,  at  the  junction  between  the  middle  division  and  the 
telson.  A  moveable,  eaontcheon-shaped,  labmm  projects 
backwards  in  the  middle  line,  immediately  behiitd  the  sab- 
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frontal  area  (<l) ;  and,  on  eacH  side  of  it,  is  a  three-jointed 
appendage,  the  second  joint  of  wHch  is  prolonged  in  snch 
a  manner  as  to  form  with  the  third,  apincer  or  chela.  The 
attachment  of  this  appendage  is  completely  in  front  of 
the  labrom,  which  separatee  it  from  the  moutii. 

In  each  of  the  next  five  pairs  of  appendages,  the  basal 
joint  is  enlarged ;  and,  in  the  anterior  four,  its  inner  edge  is 
beset  with  numerous  moveable  spines.  The  attachment  of 
the  basal  joint  of  the  foremost  of  these  appendages  (the 
second  of  the  whole  series)  is  in  front  of  the  mouth ;  but 
its  prolonged,  spinose,  posterior  and  internal  angle  may  be 
made  to  project  a  little  into  the  oral  cavity.  The  basal  joints 
of  the  following  three  appendages  are  articulated  at  the 
sides  of  the  mouth,  and  the  inner  angle  of  each  is  pro- 
vided with  a  spinose  process  which  projects  into  the  oral 
cavity.  The  second,  third,  fourth,  and  fifth  appendages  in 
the  females  are  chelate;  in  the  males  of  most  species, 
the  second,  and  sometimes  the  third,  are  not  chelate.  The 
large  basal  joint  of  the  sixth  appendage  is  almost  devoid 
of  spines,  and  bears  a  curved,  spatulate  process,  which  is 
directed  backwards  between  the  anterior  and  middle  divisions 
of  the  body.  The  fifth  joint  of  this  limb  carries  four  oval 
lamellae.  The  appenda,ge8  which  form  the  seventh  pair, 
very  unlike  the  rest,  are  short,  stout,  and  single-jointed. 

The  eighth  pair  of  appendages,  again,  are  of  a  totally 
different  character  from  those  which  precede  them.  They 
are  united  in  the  middle  line  into  a  single  broad  plate, 
which  forms  a  sort  of  cover,  or  operculvm,  over  the  succeeding 
iq>pendages,  when  the  animal  is  viewed  from  the  sternal 
side.  On  the  dorsal  face  of  this  plate  are  seated  the  two 
apertures  of  the  reproductive  organs. 

From  the  inner  face  of  the  anterior,  or  sternal,  wall  of  each 
half  of  the  operculum  a  strong  process  arises,  and  passes 
upwards  to  be  attached  to  a  corresponding  process  of  the 
tergal  wall  of  the  anterior  division  of  the  body.  By  far 
the  greater  part  of  the  large  levator  muscle  of  the 
appendage  arises  from  the  tergal  wall  of  the  anterior 
division  of  the   body,   and   the  nerve   which    supplies 
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the  limb  is  deriyed  directly  from  the  posterior  paort  of 
the  mnltiganglionate  cord  which  sarronnds  the  g^et  and 
supplies  the  appendages  which  lie  in  front  of  the  operculum* 

The  fiye  pairs  of  appendages  which  remain  resemble 
the  opercolnm  in  theit  general  form,  and  haye  ascending 
processes,  which  are  connected  with  inward  prolongations 
of  the  tergal  wall  of  the  middle  diyision  of  the  body. 
Their  neryes  are  deriyed  from  the  ganglia  which  lie  in  this 
region  of  the  body. 

Thns  there  are  altogether  thirteen  pairs  of  appendages, 
eight  of  which  are  connected  with  the  anterior,  and  fiye 
with  the  middle  diyision  of  the  body ;  and  the  appendages 
in  the  region  of  the  mouth  are  essentially  ordinary  limbs^ 
the  basal  joints  of  some  of  which  are  so  modified  as  to 
sabserye  mandncation. 

The  determination  of  the  homologies  of  the  parts  hithei^ 
to  spoken  of  as  the  anterior  and  middle  diyisions  of  the 
body,  and  of  their  appendages,  is  a  matter  of  some  difBicnlty ; 
bnt»  on  comparing  the  disposition  of  the  limbs  and  thei^ 
neryons  snpply  with  what  obtains  in  the  higher  Ofudtacea^ 
it  seems  hardly  donbtfol  that  the  first  pair  of  appendages 
answer  to  the  antenntdes ;  the  second,  to  the  antennae ;  the 
third,  tathe  mandibles ;  the  fourth  and  fifth,  to  the  maTJIlm ; 
and  the  sixth,  seyenth,  and  eighth,  to  the  marillipedes  of 
AHo/GM  or  JETomanw ;  and,  in  this  case,  the  anterior  diyision 
is  a  oephalo-thoraz.  If  the  position  of  the  genital  openings 
marks  the  hinder  boundary  of  the  thorax,  the  middle 
diyision  of  the  body  represents  an  abdomen,  composed  of 
fiye  somites.  Bnt»  on  the '  other  hatad,  it  may  be  that  the 
genital  org^s  open  in  front  of  the  hinder  extremity  of 
tiie  thorax,  as  in  female  TodopMhahMOj  and  that  the  fiye 
somites  which  form  the  middle  diyision  correspond  with 
the  remaining  fiye  somites  of  the  thorax  of  a  Podophthal- 
mian.  In  this  case,  the  region  which  corresponds  with  the 
abdomen  in  the  higher  crustaceans  is  undeyeloped. 

The  alimentary  canal  of  XrimuZtw  is  yery  peculiarly  ar- 
ranged. The  gullet  passes  directly  forwards  and  upwards, 
and  gradually  widens  into  the  stomach,  the  walls  of  which 
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are  provided  with  many  longitudinal  folds.  The  pjloms 
is  prolonged  into  a  narrow  tube  which  projects  into  the  intes* 
tine.  The  two  biliary  ducts  on  each  side  are  far  apart, 
and  branch  out  into  minute  tubules,  which  form  a  majss 
occupying  the  greater  part  of  the  cavity  of  the  body.  The 
rectum,  a  slender  canal  with  plaited  walls,  and  very  short, 
opens  into  a  sort  of  cloaca  situated  between  the  telson  and 
the  sternal  wall  of  the  abdomen. 

The  heart,  in  lAiMdus  polyphemus,  is  an  elongated  mus- 
cular tube,  divided  into  eight  chambers,  and  having  as  many 
pairs  of  lateral  valvular  apertures.  It  lies  in  a  large  peri* 
cardial  sinus,,  which,  in  its  abdominal  portion,  presents  on 
each  side  five  apertures,  the  terminations  of  the  branchial 
veins.  The  branchiae  con»st  of  numerous  delicate  semi- 
cii*oular  lamells,  attached  transversely  to  the  posterior  faces 
of  thA  five  post-opercular  appendages,  and  superimposed 
upon  one  another  like  the  leaves  of  a  book. 

The  nervous  system  appears,  at  first  sight,  to  be  very  con- 
centrated, its  principal  substance  being  disposed  in  a  zing, 
embracing  the  oBsophagus ;  but,  on  closer  inspection,  it  is 
found  to  consist  of  an  anterior  mass,  representing  the  prin- 
cipal part  of  the  cerebral  ganglia  in  most  other  Onwiocaa, 
and  of  two  ganglionic  cords  which  proceed  from  the  outer 
and  posterior  angles  of  that  mass,  and  extend  as  far  as  the 
interval  between  the  last  and  penultimate  pairs  of  appen- 
dages. These  cords  are  thick,  and  lie  on  each  side  of  the 
(Bsophagus,  around  which  they  converge,  so  as  to  come  into 
close  union  and  almost  confluence,  inunediately  behind  it. 
Jn  front  of  this  point,  however,  they  are  connected  by  three 
or  four  transverse  commissures,  which  curve  round  the  pos- 
terior wall  of  the  oesophagus,  and  become  gradually  shorter 
from  before  backwards. 

•  The  first  of  these  commissures  unites  the  two  cords  oppo- 
site the  origin  of  the  nerves  to  the  third  pair  of  appendages, 
which  I  regard  as  the  homologues  of  the  mandibles.  In 
front  of  this  point,  the  cerebral  ganglia  give  off,  from  their 
anterior  edges,  the  nerves  to  the  ocelli,  eyes,  and  frontal 
region ;  and,  from  their  posterior  and  under  surfaced,  those 
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to  tJie  antennnles.  The  nerves  to  tlie  antemud  arise  from  the 
cord  close  to  the  outer  and  posterior  angles  of  the  cerebral 
ganglia,  and  some  distance  in  front  of  those  to  the  mandibles. 
Close  behind  the  latter,  arise  the  large  nerves  to  the  fifth 
and  sixth  cephalo-thoracic  appendages. 

The  nerves  to  the  rudimentary  seventh  pair  of  appendages 
are  slender,  and  arise  rather  from  the  under  part  of  the 
post-cseophageal  ganglia;  those  which  snpply  the  eighth 
pair  of  appendages,  constituting  the  operculum,  are  also 
slender,  and  seem  to  come  off  from  the  two  longitudinal 
commissural  cords,  which  connect  the  post-oBSophageal 
ganglia  with  those  which  are  situated  in  the  second  division 
of  the  body,  though  they  are,  in  truth,  only  united  in  one 
sheath  with  them  for  a  short  distance,  and  can  be  readily 
traced  to  the  post-oBSophageal  ganglia,  internal  to  the 
nerves  of  the  seventh  pair  of  appendages.  The  longitu- 
dinal commissures  are  very  long,  and  are  enclosed  in  a 
continuation  of  the  same  sheath ;  they  pass  back  into  the 
second  division  of  the  body,  and  there  present  four  gan- 
glionic enlargements,  whence  the  nerves  of  the  post- 
opercular  appendages  proceed.  The  last  of  these  ganglia 
is  much  larger  than  the  others,  and  appears  to  consist  of 
several  confluent  masses.  The  nerves  diverge  from  it  in 
such  a  manner  as  to  resemble  a  cavda  eqmna. 

The  reproductive  organs  of  both  sexes  consist  <^  a  mass 
of  glandular  csdca,  which  ramify  through  the  body  amidst 
the  hepatic  tubules,  and  eventually  open  on  papiUsB  situated 
on  the  posterior  face  of  the  operculum.  The  males  are 
much  smaller  than  the  females,  and  present,  in  many 
species,  an  external  sexual  distinction  in  the  peculiarity  of 
their  second  and  third  appendages  already  referred  to. 

The  young  of  Limvlua  acquires  all  its  characteristio 
features  while  still  within  the  eg^.  The  interesting  obser- 
vations of  A.  Dohm  *  have  shown  that,  in  an  early  stage, 

*  ^  UnteraacbiingeD  fiber  Ban  tions  of  Lookwood  and  Paokard, 

imd  Entwickelung  der  Arthropo-  <  American   Naturalist,'  vol.  iv. 

den."      CJenaische  Zeitschrift/  1871,  vol.  vii.  1873,  and  <  Memoirs 

Bd.  vi.)     See  also  the  observa-  of  the  Boston  Boolety  of  Natural 
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the  embryo  is  provided  with  the  nine  anterior  pairs  of  ap- 
pendages, and  is  marked  out  into  fourteen  somites  by  trans- 
verse grooves  upon  its  sternal  face.  The  body  has  Uie  form 
of  a  thick  ronnded  disk,  divided  into  an  anterior  shield 
composed  of  six  somites,  and  a  posterior,  likewise  shield- 
shaped  region,  formed  by  the  union  of  eight  somites.  The 
telson  has  not  made  its  appeaxanoe.  In  this  condition,  its 
resemblance,  apart  from  the  Umbs,  to  such  a  Trilobite  as 
Triwudeus  is,  as  Dohm  points  out,  most  remarkable. 

The  Xiphotwra  were  represented  in  the  Oarboniferous 
epoch  (BeXUmnrtUf), 

The  EMTj/pterida  (Fig.  69)  are  extinct  Onutacea  of  Paleo- 
zoic (Silurian)  age,  which  sometimes  attain  a  very  large 
size  and  in  many  respects  resemble  Lm/wLust  while,  in  others, 
they  present  approximations  to  other  Crwtacea,  especiaUy 
the  Copepoda.  An  anterior,  eye-bearing,  shield-shaped  divi- 
sion of  the  body  is  succeeded  by  a  number  (12  or  more)  of 
free  somites,  and  the  body  is  ended  by  a  broad,  or  narrow 
and  spine-like,  telson.  Mve  pairs,  at  most,  of  limbs,  pro- 
vided with  toothed  basal  joints,  are  attached  to  the  sternal 
surface  of  the  shield,  and  the  mouth  is  covered,  behind 
them,  by  a  large  oval  plate  which  appears  to  represent  a 
metastoma  (Fig.  59,  B  g.)»  Some  of  the  anterior  limbs  are 
frequently  chelate  {Pterygohu) ;  the  terminal  joints  of  the 
most  posterior  pair  are  generally  expanded  and  paddle-like. 
The  integument  often  presents  a  peculiar  sculpture,  simu- 
lating minute  scales.  The  sternal  surface  of  one  or  more 
of  the  anterior  free  somites  is  occupied  by  a  broad  plate, 
with  a  median  lobe,  and  two  laterally-expanded  side-lobes 
(Fig.  59,  B  h),  having  a  remote  resemblance  to  the  oper- 
culum of  Lim/idua, 

The  Entomostbaca. — All  the  remaining  Crwtaeea  have 
completely  specialised  jaws ;  and  as  many  as  six  pairs  of 
appendages  may  be  converted  into  gnathites. 

History,' 1872;  with  the  diieni-      Lmulwu  by    E.   van    Beneden, 
tion  of  the  tyttematio  plaee  of      'JoammldeZoologle,'  1878. 
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In  tlie  Buiomoriraea,  if  the  bodj  ponoooaoo  on  abdomen 
{reokoning  na  anch  the  Bomitee  which  lie  behiiLd  the  genital 
apertore),  itaaomitet  ore  deroid  of  appendages.     Horeortr, 

Fig.  59. 


the  lomitea,  oonnting  that  which  beam  the  e^es  ae  the  first, 
are  more  or  fewer  than  twen^.   There  are  never  more  than 

*  '  D«r  Etrmltna  mtlpa,  tat  dm  obudlurliolMn  Sehlohlan  d*r 
JnwlONeL'    IBSS. 
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three  pairs  of  gnathites.  The  embryo  almost  alwa3rs  leaves 
the  egg  ia  the  condition  of  a  Nauplivs ;  that  is,  an  oval  body, 
provided  with  two  or  three  pairs  of  appendages,  which  be- 
come converted  into  antennary  organs  and  gnathites  in 
the  adult  The  division  of  the  Entomodraea  comprises  the 
Copepoda,  the  Epiaoa,  the  Branehiopoda,  the  Ostracoda,  and 
the  Pectostraea, 

The  OoPEPODA. — In  these  BhUamostmca,  which  come 
nearest  to  the  Eurypterida,  the  cephalic  shield,  which  is  dis- 
coidal  and  not  folded  longitudinally,  is  succeeded  by  a 
certain  number  of  free  thoracic  and  abdominal  somites. 
The  antennules  and  antenns  are  large,  and,  as  in  the 
jBuryptefida,  are  organs  of  locomotion  and  sometimes  of 
prehension.  The  anterior  thoracic  members  are  converted 
into  foot  jaws ;  the  posterior  serve  as  paddles,  the  limbs  of 
each  pair  being  often  united  together  in  the  middle  line, 
as  in  Limulus.    The  embryo  leaves  the  egg  as  a  Navplius, 

The  various  species  of  the  genus  Gyclops,  which  aboujid 
in  fresh  water,  afford  excellent  illustrations  of  the  struc- 
ture of  the  Copepoda, 

The  minute  animal  (Fig.  60)  is  shaped  something  like  a 
split  pear,  the  larger  end  corresponding  with  the  head,  and 
the  convex  side  with  the  dorsal  surface.  The  anterior  third 
of  the  body  is  covered  by  a  large  carapace,  which,  at  the 
sides,  extends  downwards  as  a  free  fold  over  the  bases  of  the 
appendages,  but  is  hardly  at  all  free  posteriorly.  Anteriorly, 
in  the  middle  line,  it  curves  forwards  and  downwards,  and 
is  produced  into  a  short  rostrum,  on  each  side  of  which  a 
considerable  excavation  lodges  the  base  of  the  long  anten- 
nule,  by  the  vigorous  oar-like  strokes  of  which  the  animal 
darts  through  the  water.  At  the  anterior  boundary  of 
the  head,  the  double,  black,  median  eye,  which,  unless  very 
closely  examined,  appears  single,  shines  through  the  cara- 
pace, and  at  the  sides  of  the  latter,  two  coiled  tubes  with 
clear  contents,  the  so-called  shell-glands,  are  seen. 

Four  distinct  and  moveable  somites  succeed  the  carapace, 
and  gradually  diminish  in  diameter.    The  body  then  sud- 
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Aenljr  enlarges,  and  becomes  divided,  in  tho  female,  into 
four  segmente,  the  last  of  which  gives  Bttachment  to  two 
long  setose  styles,  vhich  poesiblj  represent  another  somit«. 
There  is  a  well-developed  and  prominent  labrom  {or  con- 
joined epistoma  and  labrnm)  in  front  of  the  month,  and 
behind  it  is  a  bilobed  metaatoma.  The  first  pair  of  appea- 
Fig.60. 


-.  &l.—<^ti^.-  Side  view  of 
ivinca,  ind  Tsntnl  Tlew  '  '' 
tonwwid  append*! 


IBM  of  tbe  left  ilda.  1',  eys,  11',  uitannnlo,  U 
llble,  T',  flrU  muUla,  Tl',  tsoond  madUk  («ri 
I'),a,  oul«r,i,  iDuecdlTiiiDii.  1,  a,  3, 4,  A,  tborsi 


dagea  are  the  long  and  mat^-jointed  antennwle*,  which  are 
the  chief  organs  of  locomotion.  These  are  succeeded  bj 
the  short  and  few-jointed  antennn.  The  third  pair  of 
appendages,  or  first  pair  of  gnathites,  differs  from  the  cor- 
responding limb  in  Ximitlus  in  the  redaction  of  the  greater 
part    of   th«   appendage  to   a  mdiment  terminated    hy 
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sets,  wbile  the  strong  basal  part  is  the  principal  gnathite 
or  mwndible.  The  second  pair  of  gnathites  are  strong  and 
incurred;  following  upon  these  is  a  third  pair  of  appen- 
dages, each  divided  into  two  portions,  an  inner  and  an 
outer.  The  latter  is  by  far  the  larger,  and  is  so  constructed, 
that  the  three  distal  articulations  can  be  bent  back  upon 
the  proximal  ones,  and  opposed  to  the  internal  diyision, 
constituting  a  prehensile  organ,  the  "hand"  of  Jurine.* 
Thus  the  gnathites  of  Cyclops  are  a  pair  of  mandibles 
followed  by  two  pairs  of  maxillsd.  At  some  distance  be- 
hind the  third  pair  of  gnathites  the  first  pair  of  thoracic 
appendages  is  attached  to  the  hinder  part  of  the  cephalo- 
thoraz.  Each  consists  of  a  two-jointed  basal  part  (jprotopo- 
dUe),  terminated  by  two  three-jointed  diyiedons  {exopodUe  and 
endopodUe),  Three  similar  pairs  are  appended  to  the  three 
anterior  free  somites,  while  a  fifth  rudimentary  pair  is 
connected  with  the  next  and  smallest  of  these  somites. 
The  suddenly  enlarged  following  segment  of  the  body 
carries  the  apertures  of  the  reproductive  organs  in  the 
female,  and  supports  the  ovisacs.  It  is  commonly  regarded 
as  the  first  abdominal  somite ;  but,  according  to  Olaus,  it  is 
comx>osedof  two  distinct  somites,  which  become  united  only 
after  the  last  moult. 

The  alimentary  canal  is  straight  and  simple,  and  without 
any  distinct  liver.  There  is  no  heart  nor  any  special 
respiratory  organ. 

The  single  ovary,  situated  in  the  thorax,  is  provided  with 
two  oviducts,  which  open  on  the  sides  of  the  coalesced  first 
and  second  abdominal  somites.  On  the  ventral  face,  between 
the  apertures  of  the  oviducts,  is  the  median  aperture  of  a 
coUeterial  gland  which  secretes  the  viscid  matter  which 
forms  the  coat  of  the  ovisac.  Short  lateral  ducts  connect 
the  gland  with  the  extremiides  of  the  oviducts. 

•  That  these  are  two  divisiont  poden.'    Wfinburg    Natorwias. 

of  the  third  gnathite,  and  not  two  ^itschrift,  1862.)    Under  these 

separate  appendages,  has  been  de-  circumstances  1  do  not  know  why 

monstrated  by  tracing  oat  their  they  should  be  termed  **  muaxilli- 

development.  (Glaus, ''OrgAniza-  pedes.'* 
tion  and  Y  erwandtschaft  der  Cope- 
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The  male  is  much  smaller  than  the  female,  and  the  two 
enlarged  somites  of  the  abdomen  remain  distinct.  There  i 
ia  a  single  testis  proTided  with  two  vasa  def erentia.  A 
speciallj  glandular  portion  of  the  latter  secretes  the  material 
of  the  spermatophores,  or  cases  in  which  the  spermatozoa 
are  enclosed.  The  antennsB  are  thickened,  and  proyided 
with  a  peculiar  hinge-joint,  by  means  of  which  the  male 
firmly  seizes  the  fourth  pair  of  swimming  legs  of  the  female 
during  copulation,  and  then  bending  up  his  abdomen, 
deposits  two  of  the  spermatophores  on  the  median  opening 
of  the  colleterial  gland,  into  which  the  spermatozoa  pass  on 
their  way  to  the  oviducts.  The  gland  thus  plays  the  part 
of  a  spemiiatheca.  The  eggs  are  carried  about  in  the 
ovisacs  untn.  they  are  hatched. 

The  yiteUua  undergoes  complete  division*  and  a  morula 
results,  the  blastomeres  of  which  soon  become  differen- 
tiated into  a  superficial  epiblast,  surrounding  a  deeper- 
coloured  maaa,  which  gives  rise  to  the  hypoblast  and 
mesoblast.  The  whole  embryo  then  becomes  divided  by 
two  constrictions  into  three  s^^ents,  and  the  hypoblast  • 
arises  by  delamination  around  a  central  cavity,  which 
becomes  the  alimentaxy  canal.  There  is  a  large  labrum  on 
the  ventral  side  of  the  first  segment  in  front  of  the  mouth. 
The  eye  appears  on  the  tergal  aspect  of  the  most  anterior 
segment,  as  two  pigment-spots  which  soon  coalesce  into  one ; 
and  a  pair  of  jointed  setose  limbs  grows  out  of  each  segment. 
In  this  NaupUus^etAte  the  young  Cyclops  leaves  the  egg. 

The  posterior  part  of  the  body  elongates  and  becomes 
divided  into  the  somites  of  the  thorax  and  abdomen^  from 
which  their  respective  appendages  bud  out;  and  these 
changes  are  accopipanied  by  exuviation  of  the  cutide.  The 
three  pairs  of  appendages  of  the  Na/upKua  are  converted 
into  the  antennules,  antennsB,  and  mandibles  of  the  adult. 

There  are  a  few  other  fresh-water  and  nuiny  marine 
genera  of  Ccpepoda,  Among  the  latter,  the  PonteUidcB  are 
remarkable  for  the  separation  of  that  part  of  the  head 
which  bears  the  antennules  and  the  antennffi,  from  the  rest, 
a  peculiarity  to  which  a  parallel  can  be  found  only  among 
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the  8tomcAopoda.  Corycceus  has  two  large,  more  or  leas  lateral 
ejee  in  addition  to  the  median  eye,  snbclielate  antennsa, 
and  a  rudimentary  abdomen.  The  beautifully  iridescent 
Sapphirina  has  an  extremely  depressed  body,  short  fili- 
form antennse,  two  eyes,  and  rudimentary  gnathites.  A 
short  thoracic  heart  is  present  in  some  genera^ 

The  Epizoa. — Insensibly  connected  by  such  genera  as 
Ergasilus  and  Caligus  with  the  typical  Copepods,  are  a  great 
number  of  very  singular  Orustaeeay  which,  !f  rom  their  habit 
of  living  parasitically  upon  aquatic  animals  (whence  their 
vulgar  name  x>f  "fish-lice"),  have  received  the  title  of 
JEpizoa.  Chondracanthus  gibhoimSf  commonly  found  in  great 
abundance  on  the  walls  of  the  branchial  chamber  of  the 
Fishing-frog  {Lophivs  piscatorius),  may  serve  very  well  as 
an  illustration  of  the  most  remarkable  peculiarities  of  this 
aberrant  group. 

The  female  (Fig.  61)  is  not  more  than  half  an  inch  long, 
but,  posteriorly,  two  long  slender  cylindrical  filaments,  (like 
the  rest  of  the  animal,  of  a  whitish  or  yellowish  colour,)  are 
attached  to  its  body,  which  is  broad  and  flattened,  and  as 
it  were  crimped  at  its  edges,  so  as  to  present  two  principal 
transverse  folds.  The  angles  of  the  folds  are  elongated 
into  lateral  processes  (h,  i,f),  and  similar  processes  {d,  e) 
proceed  from  the  middle  line  of  the  body,  which  by  these 
outgrowths  and  foldings  becomes  singularly  distorted ;  and 
the  grotesqueness  of  the  animal's  appearance  is  not  a  little 
enhanced  by  the  bowing  motion,  accompanied  by  a  flapping 
backwards  and  forwards  of  its  gouty  limbs,  which  it  exe- 
cutes when  detached  from  the  integument  of  the  Lophius, 

The  head  is  expanded  into  a  sort  of  hood,  the  convex 
anterior  margin  of  which  bears  the  antennules  and  antennse, 
the  latter  being  metamorphosed  into  the  strong  curved 
hooks  by  which  the  Chondr<ica7Uhu8  is  securely  anchored  to 
the  infested  animal.  A  subquadrate  labrum  overhangs 
the  mouth,  but  does  not  enclose  the  mandibles  and  form 
a  suctorial  apparatus,  as  it  does  in  some  EpiMoa. 

The  mandibles  and  the  two  pairs  of  maxillaB  resemble 
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carrad  hooka  or  claws.    Two  paira  of  appendages  (^g. 
61,  b  e),  composed  each  of  a  protopodite,  t«niimaced  hj  an 


Tif.  61.— ChoadraanMut  gibhona.—'FemaJe  \  A,  Uteral  view,  B,  veo- 
tnl  view,  eDbtrzed.  a,  haul ;  b,  c,  KpprndmgM  ;  d,  median  dami 
^ooew;  c,  Badlu  reDtnl  proceuM  ;  /,  i,  A,  lateral  provanM;  ji, 
Unulnu  legmant,  I,  male  ;  f,  itIucb  ;  m,  n,  m«dia-donaI  ovarian 
tDbn;  p,  lataral  nvarian  tubes;  o,  OTiduct.  2,  3,  antenDolei ; 
4,  i,  6,  anteniuE,  gnatbltea. 

endopndtto  and  ozopodite  and  ezhitdting  hardly  any  trace 
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of  articulation,  are  attached  to  the  anterior  part  of  the 
body  behind  the  head. 

The  bodj  ends  in  a  rounded  segment,  situated  in  the 
deep  notoh  between  the  hindermost  marginal  processes,  and 
bearing  the  two  projecting  vuItbb.  Above  each  of  these 
is  a  small  triangular  papillose  lobe  (Fig.  02,  w),  probably  a 
modified  appendage,  to  which,  as  we  shall  see,  the  male 
attaches  himself,  while  below  them  are  two  other  rudi- 
mentary appendages  (Fig.  62,  2^).  The  alimentary  canal  is 
a  straight  tube  running  from  the  mouth  to  the  opposite 
extremity  of  the  body.  No  heart  is  discoverable,  and  the 
nervous  system  and  organs  of  sense  (if  any)  are  equally  un- 
distinguishable.  The  interspace  between  the  alimentaiy 
canal  and  the  walls  of  the  body  is  almost  wholly  occupied 
by  the  ovarium,  which  consists  of  four  tubes,  situated  on 
each  side  of  the  intestine,  and  giving  off  ramified  cseca,  in 
which  the  ova  are  developed.  Anteriorly,  each  pair  of  tubes 
opens  into  the  oviduct  of  its  side,  which  passes  down  along 
the  side  of  the  body  to  terminate  at  the  vulva.  The  lower 
part  of  the  oviduct  contains  a  clear  gelatinous  substance, 
and  is  very  similar  in  aspect  to  the  cement  duct  of  a  cirri- 
pede ;  this  substance  is  secreted  by  the  walls  of  the  oviduct, 
and  forms  the  walls  of  the  ovigerous  sac.  The  latter,  as 
has  been  stated,  has  the  form  of  a  long  cylindrical  fila- 
ment, the  upper  end  of  which  is  firmly  held  between  the 
prominent  lips  of  the  vulva  (Fig.  62,  x). 

The  male  Chondracardhus  does  not  attain  to  a  twelfth 
the  length  of  the  female,  and  looks,  at  first,  like  a  papilla 
upon  her  body  near  the  vulva.  On  close  examination,  how- 
ever, he  is  seen  to  be  firmly  fixed  by  his  antennary  hooks  to 
one  of  the  two  triangular  lobes  described  above.  The  hooks 
are  doubtless  at  first  attached  to  the  lobe  by  muscular 
contraction ;  but  the  connexion  once  effected  seems  indis- 
soluble— at  least  maceration  in  caustic  soda  does  not  cause 
the  male  to  become  detached.  It  does  not  appear  that 
more  than  one  male  is  attached  to  a  female. 

The  body  of  the  male  (Fig.  62)  is  pyriform,  and  exhibits 
indications  of  a  division  into  six  segments  beside  the  head. 
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The  anterior  extremity  presents  a  black  eje-spot  imbedded 
in  its  substance,  and  gives  origin  to  a  pair  of  rudimentaij 
antennnleSi  end  to  the  strong,  hooked,  prehensile  anteniue. 
Behind  and  below  them  is  a  large  labram  and  three  pairs 
of  hook -like  gnathitea.  These  are  succeeded  by  two  pairs 
of  anbcf  lindrical  appendages,  which  apparently  represent 
ambnlatory  limbs. 

The  candal  extremity  is  terminated  by  two  styles,  and 
there  ore  two  prominent  tubercles  on  the  ventral  surface  of 
the  pennltimate  somite,  in  which  the  g^tal  apertures  are 
Heated.    The  alimentary  canal  is  a  delicate,  irregular  tube. 


TudimBDUi;  tppeudsgei  of  the  fenule  ;  jr,  a 

having  many  brownish  grannies  imbedded  in  its  walls.  A 
wide  ceeophagus  is  connected  with  its  anterior  extremity ; 
but  the  opposite  end  appears  to  be  rounded,  and  to  be  united 
with  the  ventral  surface  of  the  integument  only  by  conitec* 
tive  tissue.  A  complex  mnscular  system,  composed  of 
striped  fibres,  is  visible  through  the  integument,  and  the 
eye-spot  seems  to  be  connected  with  a  subjacent  gan- 
glionic mass.  The  body  is  sufficiently  transparent  to 
allow  the  pulsations  of  a  heart  to  be  seen,  but  none  can 
be  diacovered.  The  testis  is  a  large  oval  bilobed  mass  (Q, 
I2 
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lying  like  a  saddle  upon  the  anteiior  part  of  the  intestine. 
From  this  body  a  thick  vas  deferens  runs  back  upon  each 
side  of  the  intestine,  and  dilates  in  the  penultimate  and 
antepenultimate  somites  into  a  thick  walled  pyriform  sac 
— a  sort  of  vesicula  seminalis.  The  embryo  leaves  the  egg 
as  a  Naupliu8y  like  that  of  Cyclops. 

There  are  many  genera  of  these  parasites,  some  of  which, 
such  as  the  almost  completely  vermiform  LemoBCR,  deviate 
even  more  widely  than  Chondracanthus  from  the  ordinary 
form  of  Crugtaceat  while  others,  such  as  ErgcMua  and  Noto* 
delphysj  differ  but  little  from  the  free  Copepoda. 

In  CaMgris,  the  labium  and  metastoma  are  elongated  and 
united  into  a  tube  in  which  the  sharp  styliform  mandibles 
are  enclosed ;  and  from  the  prevalence  of  this  suctorial  form 
of  mouth  in  some  of  the  best  known  species  of  parasitic 
Copepoda,  they  are  frequently  termed  "  suctorial "  crus- 
taceans. Suctorial  disks  for  attachment  are  developed  from 
the  coalesced  posterior  pair  of  thoracic  members  in  Achiheres ; 
and,  in  this  genus,  the  head,  as  a  distinct  part,  becomes 
almost  entirely  obsolete. 

Argtdus,  the  parasite  so  common  on  the  Stickleback,  is 
worthy  of  notice  as  one  .of  the  most  curious  modifications 
of  the  epizoic  type.*  It  is  extremely  flattened,  and  is  com- 
posed of  an  anterior  cephalo-thoracic  disk,  behind  which 
lies  a  very  short  and  broad,  notched,  abdomen.  A  median 
styliform  weapon  lies  in  a  sheath  in  front  of  the  mouth,  and 
the  small  mandibles  and  maxillae  are  enclosed  in  a  short  tube 
formed  by  the  labrum  and  the  metastoma.  Six  pairs  of 
appendages  lie  behind  the  mouth,  the  anterior  being 
metamorphosed  into  suckers,  the  next  pair  into  strong 
limbs  with  a  toothed  second  joint,  and  the  four  others 
constituting  biramous  swimming  feet.  There  are  two 
pairs  of  antennary  organs,  and  two  compound  eyes.  Ac* 
<!ording  to  Leydig,  the  males  are  provided  with  cups  on  their 

*  Clatu  (*Ueber  die  £ntwi<y  of  Arpubu  with  the   Copepoda, 

kelune,  Organization  und  syste-  but  proposes  to  regard  it  as  the 

matiscne  Stellung  der  Arguliden,'  type  of  a  special  group,  the  Bran' 

}875)  hM9  proved  the  close  affinity  ehkra. 


THB  BI&ANOHIOPODA.  277 

penultimate  swimming  feet ;  and,  during  copulation,  these 
are  filled  with  the  seminal  fluid,  which  is  thus  ti*ansf  erred 
to  the  Yulya  of  the  female,  and  thence  to  the  spermatheca. 
The  eggs  are  laid,  and  not  carried  about  in  ovisacs.  The 
larva  is  provided  with  two  pairs  of  principal  swimming 
appendages,  the  future  antennsB  and  the  mandibular  palps, 
the  latter  eventually  entirely  di8api)earing.  There  is  a  pair 
of  small  antennules,  a  pair  of  strong  legs  in  the  place  of  the 
suckers,  and,  behind  them,  the  rudiments  of  the  prehensile 
legs  and  the  first  pair  of  biramous  appendages,  the  others 
being  rudimentary. 

Noiodelphys,  which  may  be  found  very  commonly  in  the 
branchial  sac  of  Atcidiana,  closely  resembles  an  ordinary 
Oopepod,  except  that  it  becomes  much  distorted,  and  that  it 
carries  its  ova  in  a  chamber  formed  by  the  dorsum  of  the 
carapace. 

However  strangely  modified  the  adult  form  may  be  (and 
it  must  be  remembered  that  it  is  always  the  female  which 
undergoes  the  greatest  amount  of  change),  the  larvee  of  aU 
these  epizoic  parasites  resemble  those  of  the  ordinary  free 
Copepoda  in  possessing  only  two  {Achtheres,  TrachsUasiea)  or 
three  pairs  of  appendages,  (which  appertain  to  the  anterior 
region  of  the  head) ;  and  they  are  endowed  with  considerable 
powers  of  locomotion. 

The  Bbanchiopod^. — The  genera  Nebalia,  Apu8,  Bran' 
ehipus,  LimneHsj  Daphma,  and  their  allies,  are  usually 
divided  into  two  orders,  the  PhyUopoda  and  the  Cladoeera ; 
but  these  pass  into  one  another  so  gradually,  and  have  so 
many  structural  peculiarities  in  common,  that  the  subdivi- 
sion of  the  group  of  Branehiopoda  appears  to  me  to  be  a  step 
of  doubtful  propriety.  Closely  resembling  the  lower  Pod' 
ophthalmia,  such  as  Mysis,  in  some  respects,  these  Orusta^ 
ceans  are  invariably  distinguished  from  them  by  the 
poeseesion  of  a  greater  or  less  number  of  somites  than 
twenty;  Nebalia,  which  most  nearly  approximates  the 
higher  Crustacea,  having  twenty-two  somites.  Furthermore 
the  thoracic  and  abdominal  appendages  oi  the  Branchiopoda 
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are,  in  the  majority  of  cases,  more  or  less  foliaceoas,  re- 
sembling, in  many  respects,  the  anterior  mazillipede  of  an 
Astacus,  and  being  constructed  on  essentially  the  same  plan. 

Apvs  glacialis  (Fig.  63)  presents  an  elongated  vermiform 
body,  terminated  by  two  long,  mnltiarticulate,  setose  styles, 
and  covered  anteriorly  by  a  great  shield-like  carapace,  deeply 
excavated  behind.  The  posterior  three-fifths  of  the  carapace 
are  free,  and  merely  overlap  the  segments  of  the  body;  the 
anterior  portion,  on  the  contrary,  is  nnited  with,  and  forms 
the  tergal  surface  of  the  corresponding  region  of  the  head ; 
the  free  portion  of  the  carapace  shelves  away  laterally  from 
a  median  ridge,  on  each  side  of  which  a  curious  concentric 
marking,  indicating  the  position  of  the  shell  gland,  (Fig.  63, 
B,  X,)  is  visible.  This  gland  is  a  coiled  tube  with  clear 
contents,  which,  according  to  Claus,  opens  on  the  base  of 
the  first  pair  of  thoracic  appendages,  immediately  behind 
the  second  mazillffi.  Where  the  free  joins  the  fixed  portion 
of  the  carapace,  the  ridge  is  abruptly  terminated  by  a  trans- 
verse depression.  A  little  distance  in  front  of  this  is  another 
deeper  transverse  groove,  close  to  which,  in  the  middle  line, 
are  the  two  reniform  compound  eyes,  converging  towards 
one  another  anteriorly  (Fig.  63,  B,  i'). 

The  ventral  surface  of  the  anterior  division  of  the  carapace 
(Fig.  63,  C),  presents  a  flattened,  semilunar,  subfrontal 
area,  as  in  Limulus,  behind  which  it  slopes  upwards  on 
all  sides  into  the  posterior  division,  thus  forming  a  wide 
chamber,  in  which  the  anterior  thoracico-abdominal  seg- 
ments are  lodged.  In  the  middle  line,  the  subfrontal  plate 
sends  back  a  long  and  wide  process,  moveably  articulated 
with  it,  and  rounded  at  its  free  end — ^the  labrum ;  above  and 
behind  which  the  mouth  and  gnathites  are  situated.  Behind 
these  follow  twenty-six  spinulose  thoracico-abdominal  seg- 
ments; the  anterior  twenty  of  which  bear  the  swimming 
feet,  while  the  twenty-sixth,  much  larger  than  the  others,  is 
produced  into  an  incurved  point  posteriorly,  and  carries  the 
anus  and  the  terminal  setsB. 

The  compound  eyes,  as  has  been  said,  are  seated  upon  the 
upper  surface  of  the  anterior  division  of  the  carapace.    On 
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the  under  surface,  just  above  and  behind  the  posterior 
boundary  of  the  subfrontal  area,  and  on  each  side  of  the 
labrum  (Fig.  63,  C,  Jh),  is  a  delicate  jointed  filament — the 
antennule  (Fig.  63,  C,  ii').  Behind  tiiis,  Zaddach  found  in 
some  specimens  of  Apiis  cancri/ormis,  a  second  very  small 
filament,  the  rudiment  of  the  antenna,  which  in  the  laiTa 
is  so  large  and  important  an  organ;  but  I  have  observed 
nothing  of  the  kind  in  A.  glacialis.  On  each  side  of  the 
labrum  is  a  large,  convex,  strong,  toothed  mandible,  and 
the  aperture  of  the  mouth  is  bounded  posteriorly  by  a  pro- 
foundly divided  plate,  the  metcutoma.  Succeeding  this  are 
two  pairs  of  small  mazill£B,  the  second  pair  being  f  oliaceous, 
and  almost  rudimentary.  Behind  these  appendages,  a  cer- 
vical fold  marks  off  the  boundary  between  the  head  and 
the  thorax,  and  at  the  same  time  corresponds  with  the 
commencement  of  the  free  portion  of  the  carapace.  Whether 
the  carapace  is  also  to  a  cei-tain  extent  attached  to  the 
first  thoracic  somite,  as  Grube  states,*  or  whether  it  is 
entirely  cephalic,  as  Milne-Edwards  considers,  is  a  point 
upon  which  I  have  been  able  to  come  to  no  very  clear  de- 
termination ;  indeed,  it  is  a  question  rather  for  the  embryo- 
logist  than  the  anatomist. 

Of  the  twenty  pedigerous  segments,  the  first  eleven  have 
each  one  pair  of  appendages;  but,  behind  the  eleventh,  each 
segment  gives  attachment  to  a  gradually  increasing  number 
of  limbs,  so  that  the  twentieth  carries  five  or  six  pairs. 
Altogether  twenty-eight  pairs  of  appendages  are  attached 
to  these  nine  posterior  thoracic  segments ;  these,  added  to 
the  eleven  preceding,  make  thirty-nine  appendages  in  all. 
While  each  of  the  anterior  eleven  segments  must  be  regarded 
as  single  somites,  the  nature  of  the  posterior  ones  is  open 
to  doubt;  they  may  be  single  terga,  the  sterna  and  ap- 
pendages of  which  have  multiplied;  or,  more  probably, 
they  each  represent  a  number  of  coalesced  terga. 

Each  appendage  consists  of  three  divisions — an  endopo- 
dite,  exopodite,  and  epipodite,  supported  on  a  protopodite  or 
basal  division  (Fig.  63,  D,  E,  F).   The  latter  consists  of  three 

*  *  BemerkoDgen  Uber  die  Phyllopoden/  p.  81. 
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Fig.  %S.^Apiit  fflacialu,—Af  lateral  view,  with  the  right  Iialf  of  the 
carapace  cut  away.  B.  Dorsal  view.  C.  Anterior  part  of  the  body, 
ventral  aspect.  B,  one  of  the  anterior,  E,  one  of  the  <,middle, 
and  F,  one  of  the  posterior  limbs,  withoat  their  oozopodites.  x,  con- 
Tolated  *'  shell  gland  "  in  the  carapace ;  y,  caudal  filament ;  lb, 
labrum.  1,  2,  3,  4,  £ndopodlte.  6.  Ezopodite.  7.  Epipodite  or 
branchia.    T,  eye;  IT,  antennule;  IV',  labrum;  V,  YI',  mazillie. 

jointa — ^a  coxopodite  produced  intemallj  into  a  strongly 
aetoee  prominence  (not  represented  in  the  figures),  a  basi- 
podite,  and  an  ischiopodite,  the  latter  elongated  internally 
into  a  lanceolate  process,  and  bearing  on  its  outer  side  two 
appendages,  of  which  the  proximal  —  the  epipodite  or 
branchia  (Fig.  63,  D,  E,  7) — is  pyriform  and  vesicular  in 
specimens  preserved  in  spirit  The  distal  appendage, 
which  appears  to  represent  the  exopodite  (6),  is  a  large 
flat  plate,  provided  with  long  sets  on  its  margin. 

The  endopodite  consists  of  four  joints,  the  two  proximal 
ones  being  much  the  longer,  and,  like  the  penultimate,  giving 
off  internally  a  long  process.  Finally,  the  terminal  jomt  is 
claw-like  and  serrated  on  its  concave  edge. 

The  average  form  of  these  appendages  is  represented  by 
(E)  taken  from  the  middle  of  the  series;  anteriorly  the 
limbs  become  more  slender  and  leg-like  (D);  posteriorly, 
on  the  other  hand,  they  are  completely  f  oliaceous,  as  (F) ; 
but  the  same  elements  are  recognisable  throughout. 

The  eleventh  pair  of  appendages  alone  depart,  in  any 
important  respect,  from  the  rest  of  the  series,  each  of 
these  being  modified  so  as  to  serve  as  a  receptacle  for 
the  ova.  To  this  end  the  joints  of  the  endopodite  are 
greatly  expanded,  and  converted  into  a  hemispherical 
bowl;  the  exopodite,  metamorphosed  into  another  such 
bowl,  shuts  down  over  the  endopodite;  and,  into  the 
box  thus  formed,  the  ova  are  conducted  by  means  of  the 
oviduct,  which  opens  into  it. 

On  the  dorsal  surface  of  each  side  of  the  terminal  segment 
of  the  body  there  is  a  tubercle  produced  into  five  spines 
anteriorly,  and  carrying,  posteriorly,  a  long  and  deHcate 
setigerous  filament  (Fig.  63,  B,  g). 

The  alimentary  canal  of  Apus  is  very  simple,  consisting 
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of  a  vertically  ascending  (Bsophagas,  wliicli  bends  back  into 
the  small  stomach,  situated  immediatclj  behind  the  com- 
pound eyes,  in  the  middle  of  the  region  bounded  by  the  two 
transverse  furrows  on  the  dorsum  of  the  carapace ;  from  the 
hinder  end  of  the  stomach  the  straight  intestine  passes  back 
to  the  anus,  which  is  seated  beneath  the  terminal  segment. 
The  liver  consists  of  csBca,  which  branch  off  from  the 
stomach  and  lie,  on  each  side  of  it,  in  the  head.  Zaddach 
describes  a  pair  of  glands  which  he  regards  as  salivary, 
placed  above,  and  opening  into,  the  stomach  itself,  like  the 
salivary  glands  of  the  Scorpion. 

The  heart  occupies  the  tergal  region  of  the  eleven  anterior 
thoracic  somites,  presenting  as  many  chambers,  with  lateral 
venous  apertures. 

The  nervous  system  consists  of  a  quadrate  cerebral  mass, 
placed  immediately  under  the  compound  eyes,  and  giving 
off  large  nerves  to  them  and  to  the  remains  of  the  single  eye 
of  the  larva,  which  lies  in  front  of  their  anterior  extremities. 
Commissures  pass  downwards  and  backwards  on  either  side 
of  the  oesophagus,  and  connect  the  cerebrum  with  a  chain 
of  numerous  ganglia  placed  on  the  median  line  of  the  ventral 
surface.  It  is  worthy  of  remark,  that  the  antennary  and 
antennulary  nerves  are  given  off  from  the  commissures,  far 
behind  the  chief  cerebral  mass. 

In  the  female,  the  ova  are  developed  in  the  csBcal  branches 
of  two  long  tubes,  situated  one  on  each  side  of  the  body, 
and  opening,  as  above  described,  in  the  eleventh  pair  of 
appendages.  Apus  usually  propagates  agamogenetically, 
and  the  examination  of  thousands  of  individuals,  extending 
over  more  than  thirty  years,  failed  to  reveal  to  Yon  Siebo]d 
the  existence  of  a  male  form.  In  1856,  however,  Kozubow> 
ski  *  discovered  a  small  proportion  of  males  (16  in  160), 
among  the  specimens  taken  in  the  neighbourhood  of  Cracow ; 
and  near  Bouen,  in  1863,  Sir  John  Lubbock  found  the 
largest  proportion  of  males  to  females  yet  known,  viz., 
33  in  72.    On  the  other  hand,  between  1857  and  1869,  Von 

•  "  Ueber  den  m&Dnlichen  Apus  cancriformis.**     (*  Archi?  fur  Natar- 
geschiehte/  1857.) 
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Siebold  examined  many  thousands  of  specimens  of  the 
Bavarian  Apua  without  finding  a  single  male.* 

The  testis  is  similar  to  the  ovary  in  form,  and  its  duct 
opens  upon  the  eleventh  pair  of  appendages,  as  in  the  case 
of  that  of  the  female  organs.  The  spermatozoa  are  oval  and 
without  motion. 

The  young  Apus  {cancriformis),  when  just  hatched,  is  a 
Nauplius.  The  body  is  oval,  indistinctly  divided  into  a  few 
segments,  and  entirely  destitute  of  appendages,  except  a 
shorter  anterior,  uniramous,  and  a  longer  posterior,  biram- 
ous,  pair  of  oar-like  organs,  situated  at  the  anterior  extremity, 
on  either  side  of  the  single  median  eye.  The  carapace  is 
rudimentary,  and  there  are  no  caudal  filaments.  The  little 
animal  soon  casts  its  skin,  and  the  mandibles,  which  are 
provided  with  long  palps,  make  their  appearanccf  With 
successive  ecdyses,  the  larva  assumes  more  and  more  the 
form  of  the  adult,  and  acquires  the  pair  of  compound  eyes ; 
the  anterior  pair  of  appendages  being  converted  into  the 
antennules,  the  posterior  pair  disappearing,  or  remaining 
as  rudimentary  antennsB,  and  the  mandibular  palps  also 
vanishing. 

Singular  and  highly  instructive  modifications  are  exhibited 
by  the  other  genei*a  of  the  Branchiopoda,  such  as  NebaMa, 
Branchipus  {CheiroeephaliLs),  lAmnetia,  and  DapKnia, 

In  Daphnia  and  its  allies  (Fig.  64),  the  thoracic  members 
are  reduced  to  six,  five,  or  even  four  pairs,  some  or  all  of 
which  may  take  the  form  of  ordinary  limbs ;  the  abdomen  is 
rudimentary ;  the  heart  is  short ;  and  the  carapace  presents 
a  posterior  division  {omostegite),  obviously  developed  from 
the  anterior  thoracic  somites,  the  lateral  halves  of  which 
are  deflexed  so  as  to  resemble  a  bivalve  shell,  into  which  the 
hinder  part  of  the  body  can  be  withdrawn.  The  anterior 
division  of  the  carapace  (cephalostegite)  in  Daphnia  has,  on 
the  contrary,  the  same  structure  as  the  corresponding  part 

'  BeitrSge     zur    P&rtheno-  t  Acconling  to  ClauB*8  recent 

genesis  der  Arthropoden,'  1871.  investigations,  this  third  pair  of 

It  appears  that,  in  Aput,  the  im-  appendages  is  present  from  the 

pregnated  ova  alone  give  rise  to  time  the  young  Aput  leaves  the 

males.  €gg« 
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of  the  carapace  of  Aput,  but  the  compoimd  eyei,  repre* 
aentedbja  emgle  mass.are  eituated  at  the  anterior  eitreinity 
of  the  head,  rather  than  on  its  npper  surface,  and  the  Bingle 
eye  is  quite  diBtinct,  and  far  posterior  to  them  (Fig.  64,  B, 
i',  ii").  The  aatenniilee  (^g.  64,  A,  iiO  are  small,  rudi- 
mentaij,  and  placed  at  the  sides  of  the  produced  frontal 


Fig.  64.— napAHia.— A.  Side  vi«w;  tht  ippeadun  not  flgored  cicept 
fl'  the  uil«niiule> ;  IV',  the  nuadibleB;  *nd  V,  the  maiilln. 
III'.  The  plus  of  ittaehment  of  tlie  tntanun.  B.  Froot  view  of 
hud. 

a,  cephkliMlegltf,  or  that  part  of  the  carmpacs  which  covert  (he 
hcM;  Bw,  omoategite,  or  thnrack  poriina  of  the  ennp&Te;  c, 
heart;  it,  oervkil  depreuloa ;  Ih,  lubium ;  1',  compound  eyf: 
iV,  aimple  eye;  j,  the  '  a  hell- gland,'  which  openi  behind  ibe 
maiills. 

roatnim,  but  the  anteniiEe  are  very  large,  and  constitute 
the  principal  locomotive  organs.  The  posterior,  or  second, 
maiillte  are  obsolete.  In  Evadne,  PolypheTniu,  Sida  and 
other  genera,  sucker-like  organs  of  adhesion  are  situated 
on  the  anterior  region  of  the  carapace.  The  eggs  are  de- 
Teloped  in  the  cavitj'  of  the  carapace,  and  the  embryos  pass 
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directlj  into  the  form  of  the  parent,  except  in  Leptodora, 
where  thej  are,  at  first,  Nauplius'hke, 

Limnetia  and  Esiheria  present  a  DaphniaAike  carapace, 
though  more  completely  bivalve,  combined  with  the  nnme- 
rona  segments  of  the  body  and  the  f  oliaceons  appendages 
of  the  typical  Phyllopods  (Pig.  66). 

Nehalia  has  a  large  carapace,  provided  with  a  moveable 
rostrum,  like  that  of  Squillay  and  arising  entirely  from 
the  head,  which  is  remarkable  for  its  very  slight  sternal 
flexure.  In  this  genus,  the  eyes  are  large  and  peduncu- 
lated ;  there  are  well-developed  antennules,  antennse,  man- 
dibles, and  two  pairs  of  maxillsB,  the  anterior  of  which  ends 
in  a  long  palp. 

BromchipfM,  finally,  developes  no  carapace  either  from 
the  head  or  the  thorax,  the  segments  of  the  latter  being 
entirely  fi*ee,  while  the  former  is  similar  in  shape  to  that 
of  an  Insect,  or  Edriophthalmous  Orustacean,  and  carries 
two  large  stalked  eyes,  two  antennules  (singularly  modified 
in  the  male),  two  antennsB,  a  pair  of  mandibles,  and  two 
pairs  of  maxillie. 

In  Estheria  and  Lvmnetis,  the  males  are  met  with  in  full 
proportion  to,  and  may  be  even  more  numerous  than  the 
females.  No  males  are  known  in  Lmmadia  gigas,  although 
thousands  have  been  examined,  while,  in  L,  Stanleycma, 
more  males  than  females  have  been  found.  In  Branchiptu, 
males  are  fewer  than  females;  in  Arterma,  they  occur 
only  at  rare  intervals.  In  Daphmat  the  males  are  few,  and 
appear  only  at  certain  seasons  of  the  year.  But  notwith- 
standing the  rarity  or  absence  of  the  males  in  many  of 
these  genera,  reproduction  proceeds  with  gi*eat  rapidity. 
The  ova  are  capable  of  development  without  fecundation ; 
and  isolated  females  of  the  genus  Daphnia  will  thus  go 
on  producing  broods  for  generation  after  generation,  with- 
out any  known  limit. 

Under  certain  circumstances,  however,  bodies  of  a  different 
nature  from  these  "  agamic  ova,"  as  they  have  been  well 

*  *'Ueber  die  Gattungen  Ettheria  ond  Limnadia.**  ('Archiy  ftir 
Natnrgetchichte/  1854.) 
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tenned  by  Sir  John  Lnbbock,"  are  developed  witbiii  the 
ovary,  the  eubstaace  of  which  acquires  an  aeonmulation  of 
BtroDgly  refractiDg  grannies  at  one  spot,  and  forms  a  dark 
mass,  the  ao^alled  "  ephippial  ovum,"  When  fnlly  formed, 
two  of  these  bodies  pass  into  tbe  dorsal  chamber  of  the  cara- 
pace, the  vails  of  which  have,  in  the  meantime,  become 

Fig.  6S. 


In  each  ette  being  removed.  A'.  Ai 
Toung  Iws.  B.  The  uihb  further  ftdvuioed.  c.  Head.  o.  Eye. 
d.  Carapace,  c*.  Body.  A'.  AnlenaEe.  U.  Muidibles.  ^.  Great 
plate  (labmrn  ?]  which  coders  the  mouth. 

altered.  The  outer  and  inner  layers  of  the  integument 
acquire  a  peculiar  etractare,  a  brown  colour,  and  a  more 
firm  conustency,  over  a.  lai^  saddle-like  area.    When  the 

*  "An  AccoDnt  of   the    two      ephlpplum."  (Tnnuetioiu of Ibe 
methodiofBeprodacdoninDopA-       BoyJ  Society,  1817.) 
nia,mad  ot  Oi»  Mnietare  of  the 


THE  OSTBACODA.  287 

next  monlt  takes  place,  these  altered  portions  of  the  intega- 
ment,  constitnting  the  **  ephippimn,"  are  cast  ofiT,  together 
with  the  rest  of  the  carapace,  which  soon  disappears,  and 
then  the  ephippium  is  left,  as  a  sort  of  double- walled  spring 
box  (the  spring  being  formed  by  the  original  dorsal  junction 
of  the  two  halves  of  the  carapace),  in  which  the  ephippial 
ova  are  enclosed.  The  ephippium  sinks  to  the  bottom,  and, 
sooner  or  later,  its  contents  give  rise  to  young  DaphnicB. 

Jurine's  and  Sir  J.  Lubbock's  researches  have  proved 
that  the  development  of  the  ephippial  ova  may  commence 
without  the  influence  of  the  male,  and  they  seem  to  indicate 
that  these  ova  may  even  be  fuUy  formed  and  laid  without 
the  male  influence.  On  the  other  hand,  there  appears,  under 
ordinary  circumstances,  to  be  a  certain  relation  between 
the  complete  development  of  ephippial  ova  and  the  presence 
of  males ;  and,  as  yet,  no  ephippial  ova  produced  by  virgin 
females  have  been  directly  observed  to  produce  young. 
The  question,  therefore,  seems  to  stand  thus,  at  present : 
the  agamic  ova  may  certainly  be  produced,  and  give  rise 
to  embryos,  without  impregnation;  the  ephippial  ova 
may  certainly  be  produced  without  impregnation;  but 
whether  impregnation  is  or  is  not  absolutely  necessary  for 
their  further  development,  there  is,  at  present,  no  evidence 
to  show. 

The  great  majority  of  the  Branchiopoda  inhabit  fresh 
waters.  Artemia,  however,  delights  in  brine  pools.  The 
genus  Estheria  is  of  Devonian  age,  and  it  seems  probable 
that  the  Silurian  Hymenocaris  and  its  allies  were  related 
to  Apvut. 

The  OsTBAGODA. — This  group  contains  several  genera 
of  both  recent  and  fossil  Cruetaeea,  for  the  most  part 
of  very  small  size,  and  distinguished  by  their  hard, 
often  calcified,  and  completely  bivalve  shell,  provided  with 
a  distinct  hinge.  The  valves  of  this  shell  consist  of  the 
lateral  moieties  of  the  carapace;  they  are  commonly 
unequal  and  unsymmetrical,  and  present  a  peculiar  orna- 
mentation.   The  shell  gland  is  very  smalL    The  Oetracoda 
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are  also  remarkable  for  the  extremelj  radimental  condition 
of  their  abdomen,  and  for  the  paucity  of  their  thoracic 
appendages,  which  instead  of  being  f  oliaceous,  are  strong 
and  subcylindrical,  like  the  ambulatory  legs  of  the  higher 
Cruttacea. 

The  cephalic  flexure  is  as  well  marked  as  in  the  highest 
Orutiaeeat  so  that  the  eye,  obscurely  divided,  and  median  in 
Cypru  (Fig.  66,  A),  but  double  and  lateral  in  Cythere  (B),  is 
situated  in  the  upper  part  of  the  anterior  region  of  the 
body.  The  antennules  and  antennn,  attached  to  their 
respective  somites,  the  sterna  of  which  constitute  the  an- 
terior boundary  of  the  body,  are  similar  in  form  and  func- 
tion to  ambulatory  limbs.  The  ducts  of  a  peculiar  gland 
open,  according  to  Zenker,  at  the  end  of  the  strong  spine 
with  which  the  antenna  of  Cythere  is  provided.  Thelabmm 
is  conspicuous,  and  the  mandibles  are  strong,  and  possess 
a  well-developed  palp.  The  first  mAxilla  is  provided  with 
a  large  foliaceous  setose  appendage  (epipoditeP)  The 
second  maxilla  in  Cythere,  is  represented  by  the  first  of  the 
three  pairs  of  ambulatory  limbs  (Fig.  66,  B,  e,  e,  e),  present 
in  this  genus.  In  Cypris,  which  possesses  a  second  pair  of 
maxillffi,  there  are  only  two  pairs  of  ambulatory  limbs  (Fig. 
66,  A,  p,  I.  II.).  The  apertures  of  the  reproductive  organs, 
provided  in  the  male  with  a  wonderfully  complex,  homy, 
copulatory  apparatus  (described  with  great  minuteness  by 
Zenker),  are  situated  between  the  last  pair  of  thoracic 
members  and  the  large  caudal  hooks. 

Strong  adductor  muscular  bundles  pass  from  one  valve  of 
the  carapace  to  the  other,  and  leave  impressions  discernible 
from  without,  the  form  and  arrangement  of  which  furnish 
valuable  systematic  characters. 

The  alimentary  canal  of  the  Oetracoda  is  provided 
anteriorly  with  an  apparatus  of  hard  parts,  resembling  in 
many  respects  the  gastric  armature  of  the  laopoda,  and 
gives  origin  to  two  hex>atic  csBca.  Cypris  and  Cythere  have 
no  heart;  but,  in  Cypridina,  Conchcecia  and  Hahcryptis 
there  is,  according  to  Claus,  a  short  saccular  heart  with 
one  anterior   and   two  lateral  apertures.     The  nervou 
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system  is  difficult  to  make  out;  but,  in  Chfthere  hdea, 
the  same  observer  found  a  large  cerebral  ganglion  in  front 
of  the  mouth,  whence  filaments  passed  to  an  ophthalmic 
ganglionic  mass,  and  to  the  antennary  organs.  A  double 
ganglion,  behind. the  mouth,  supplies  the  gnathites;  three 
ganglia,  situated  in  the  thorax,  send  filaments  to  its  append- 
ages, and  a  terminal  ganglion  supplies  the  caudal  appendage 
and  genitalia.  In  the  female,  the  ovaries  lie  in  the  yalves 
of  the  carapace,  and  terminate  in  oviducts  which  open  bj 
distinct  apertures  in  front  of  the  caudal  appendage. 
Immediately  anterior  to  them  are  the  openings  of  two 

Fig.  66. 


Fig.  6(.— A.  Cyprit. — A.  i.  ii.  Antennules  and  Antennie.     M.  i.  ii. 

in.    Mandibles  and  Mazilln.     P.  i.  n.  Thoracic  members,     e, 

Can^l  extremity,     b.  Mandibular  palp.    o.  Eye.    B.  MaziUsry 

appeidage. 
B.  Cythre. — o.  Eye.    a.  Antennule.    b.  Antenna,    c.  Mandible,    d. 

First  xiaxilla.     c.  «.  e.  Second  maxilla  and  two  thoracic  members. 

/.  Caidal  extremity.    (After  Zenker.)* 

homy  cmals,  called  vagin®  by  Zenker,  each  of  which  is 
continuei  into  a  long  convoluted  transparent  tube,  and 
eventuall}  terminates  in  a  large  vesicle,  the  spermatheca, 
into  which  the  spermatozoa  of  the  male  are  received. 

In  the  nuJes,  tJie  antenns,  the  second  maxillae,  or  some  of 
the  thoraciclimbs,are  modified  in  such  a  manner  as  to  enable 
them  to  sei2$  and  hold  the  females.  The  testes  are  elon- 
gated cflBca  n  Cypris,  globular  vesicles  in  Cythere,  and 
communicate  with  a  longvas  deferens,  which  opens  into 

•  M  MoDOgraphe  der  Ostraeoden.'*  ('  Arehi?  fiir  Natnrgescbichte, 
1864.1 

V 
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the  coptdatory  apparatus.  In  Cyprisy  a  very  aing^nlar  cylin- 
drical mncous  gland  ia  connected  with  the  vas  deferens ;  but 
perliaps  the  most  remarkable  peculiarity  abont  the  genital 
apparatus  in  the  male  consists  in  the  size  of  the  sperma- 
tozoa, which  in  Cypria  ovwn  are,  aocosding  to  Zenker, 
more  than  three  times  as  long  as  the  body.  They 
possess  a  spirally-wonnd  coat»  and  are  totally  deprived  of 
mobility. 

The  Odracoda,  either  attach  their  eggs  to  aquatic 
plants,  or  carry  them  about  between  the  tbIycs  of  the 
carapace. 

Claus  *  has  worked  out  the  development  of  Cypris,  which 
passes  through  nine  successive  stages,  distinguished  from 
one  another,  not  merely  by  the  shape  of  the  carapace,  but 
by  the  number  and  form  of  the  limbs.  An  ecdysis  of  the 
chitinous  cuticle  of  the  body  and  carapace  terminates  each 
stage  of  development.  When  the  Cypris  leaves  the  egg,  it 
resembles  a  ^atip2tu«,  in  possessing  a  single  median  eye  and 
only  three  pairs  of  limbs  (the  future  antennules,  antennsB, 
and  mandibles);  but  none  of  these  are  divided  into  ^o 
branches.  The  body  is  laterally  compressed  and  has  a 
bivalve  carapace. 

The  changes  undergone  by  the  marine  OtibraeodA  after 
they  leave  the  egg  are  much  less  marked. 

Fossil  Ostracoda  abound  in  strata  of  all  ages,  fiom  the 
older  palaeozoic  formations  onwards;  and,  so  far  as  the 
characters  of  the  carapace  furnish  evidence,  the  most 
ancient  forms  differed  very  little  from  those  which  now 
exist. 

The  Pegtostbaca  {BhizocephaJa  and  Cirripedb)  leave  the 
egg  as  a  NavpliuSf  provided  with  three  pairs  )f  limb-like 
appendages,  of  which  the  anterior  pair  are  ample,  while 
the  two  posterior  pairs  are  bifurcated  (Fig  68,  A).  An 
additional  pair  of  filiform  appendages  subseiuently  makes 

*  '  Bntwxokelangsgeschichte  von  Cypris'  (IS69;  and  *Onmd- 
riige/  p.  487. 
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its  appearance  in  front  of  the  nndiTided  pair  of  members, 
in  most  cases ;  and  there  is  a  disooidal  carapace,  the  antero- 
hiteral  angles  of  which  xisnallj  become  g^reatly  produced. 
Subsequently,  the  carapace  becomes  bivalve  (as  in  many 
PhyUopoda,  and  in  the  Cladoeera  and  Ogtraeoda),  and  the 
anterior  undivided  pair  of  limbs  are  converted  into  re- 
latively large,  jointed  appendages,  provided  with  a  sucker- 
like organ.  The  thorax  g^rows  and  usually  developes  six 
pairs  of  appendages. 

Finally,  the  bivalve-shelled  larva  fixing  itself  by  the 
suckers  of  its  anterior  limbs,  the  prs-oral  region  of  the 
head  becomes  enlarged*  and  is  converted  into  the  base,  or 
pednnde,  in  ordinary  Girripedes;  while  it  gives  off  the 
root-like  processes  which  grow  into  the  tissues  of  the 
animals  on  which  the  Ehiaooq^?idla  are  parasitic.  The 
Peetotihvtea  are  ahnost  all  hermaphrodite,  a  condition  which 
is  very  exceptional  among  Arthropods.  They  possess  no 
heart. 

The  CiBBiPBDiiu — It  can  hardly  be  a  matter  of  reproach 
to  the  older  naturalists  if  they  failed  to  discover  the  affinity 
connecting  the  sedentary  "Acorn-shells''  of  a  rocky  coast 
with  the  active  Shore-crab  which  runs  amongst  them ;  or  if 
they  classed  the  Barnacles  with  MoUnaea,  instead  of  ad- 
mitting them  to  that  place  amidst  the  Cnutacea  which  is 
now  assigned  to  them  by  every  naturalist  of  competent 
judgment.  Nothing,  in  fact,  at  first  sight,  is  less  suggestive 
of  a  Gmstaoean  than  a  Bakm^g,  or  a  Lepaa ;  the  former 
firmly  fixed  by  the  base  of  its  multivalve  conical  shell,  the 
latter  by  its  fleshy  and  contractile  peduncle;  the  only  sign 
of  life  in  either  bdng  the  alternate  protrusion  and  retraction 
from  the  valvular  opening  of  the  animal's  case  of  a  bundle 
of  curved  filamentous  cirri,  which  sweep  with  a  brushing 
motion  through  the  water,  and  scoop  the  floating  nutritive 
matters  towards  the  mouth. 

The  valves  through  which  the  cirri  make  their  egress 
axe  strengthened,  in  both  BalaiMu  and  Lepiu,  by  four  cal- 
cified pieces,  two  on  each  side ;  those  of  each  half  being 

u  2 
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united  together  by  an  oblique  suture,  or  by  a  regular  articu- 
lation ;  while  the  two  pieces  of  opposite  sides  are  connected 
only  along  one  margin,  either  immediately  {Balanus),  or  by 
means  of  an  intermediate  piece  (Xepcw). 

The  upper,  or  distal,  pieces  are  termed  the  terga,  the 
lower,  or  proximal,  pieces  the  scuta,  the  intermediate  piece 
is  the  eoHna.  In  Lepaa,  there  are  no  other  hard  external 
pieces ;  but,  in  BalawuSt  the  conical  shell,  into  which  the 
valves  can  be  more  or  less  completely  retracted,  is  com- 
posed of  six  portions  or  comparimienta.  Of  these,  one  is 
situated  on  the  same  side  as  the  opening  between  the  valves 
and  another  at  the  precisely  opposite  point,  or  on  the  same 
side  as  the  line  of  union  of  the  valves.  The  latter  is  the 
homologue  of  the  intermediate  piece,  or  carina,  in  Lepas ; 
the  former,  in  Balanus,  consists  of  three  pieces  united 
together,  the  median  rogtrwm  and  the  two  rostro-laieral  com- 
partments. On  each  side  of  the  carina  is  a  compartment 
termed  carvno-lalieral,  and  between  them  and  the  complex 
rostrum  lies  a  lateral  compartment. 

If  the  shell  consisted  of  its  eight  typical  pieces  (as  it  does 
in  the  genus  Octomeris),  it  would  be  found  that  each 
presented  a  triangular  free  middle  portion  and  two  lateral 
wings.  The  former  is  always  termed  the  paries,  but  the 
latter  receive  different  names,  according  as  they  overlap  or 
are  overlapped  by  others.  In  the  former  case,  they  are 
termed  radii,  in  the  latter,  alee.  Thus,  typically,  the  carinal 
and  the  rostral  compartments  are  overlapped  on  both  sides, 
and  their  wings  are  consequently  both  alffi ;  the  lateral  and 
carino-lateral  compartments  are  overlapped  on  one  side, 
and  overlap  on  the  other,  hence  they  have  an  ala  on  one 
side,  a  radius  on  the  other ;  while  the  rostro-lateral  com- 
partment overlaps  on  both  sides,  and  hence  its  wings  are 
both  radii.  In  Balan%ts,  however,  the  rostrum  and  rostro- 
lateral  compartments,  being  replaced  by  a  single  compart- 
ment formed  by  their  confluence,  this  piece  has  radii  on 
both  sides. 

Different  as  is  the  appearance  of  Lepas  from  that  of 
BalarvM,  they  closely  resemble  one  another  in  essential 
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stmetnre.  Thns,  to  commence  with  Leptu,  On  cutting  awaj 
thescatnm  and  terg^im  of  one  side  (Fig*  67,  B),  the  hinder 
part  of  the  bod  j  of  the  animal  is  seen  within  the  sac  of 
the  capfMwm,  formed  by  the  yalves  of  the  shell,  to  which 
it  is  attached  only  on  the  rostral  side  and  inf eriorlj  by  a 
oomparatiyely  narrow  isthmus.  Immediately  behind  this 
point  the  body  widens,  to  constitute  what  Mr.  Darwin*  has 
termed  the  prosoma,  but  the  thoracic  segments,  which 
succeed  the  prosoma,  gradually  taper  posteriorly.  Six 
pairs  of  appendages  (a)  are  attached  to  the  thorax,  each 
limb  consisting  of  a  basal  joint  (protopodite),  terminated 
by  two  long  multi-articulate  cirri,  the  representatives  of 
the  endopodite  and  exopodite ;  and  a  rudimentary  abdominal 
B^ment,  terminated  by  two  short  caudal  appendages, 
succeeds  the  thorax,  and  is  produced  in  a  long  setose  an- 
nulated  penis  (/).  Filamentous  appendages  depend  from 
some  of  the  thoracic  somites,  and,  projecting  from  the  inner 
wall  of  the  sac  on  each  side,  is  a  triangular  process,  the 
(mgerousfrcsniMn  (m). 

The  mouth  is  situated  at  the  posterior  part  of  a  pro- 
tuberant mass,  seated  on  the  rostral  face  of  the  prosoma. 
This  is  principally  composed  of  a  large,  bullate  labrum, 
behind  which  are  a  pair  of  mandibles  with  large  and  setose 
palps,  and  two  pairs  of  maxillsB.  Anteriorly,  the  prosoma 
passes  by  a  narrow  isthmus  into  the  rostral  part  of  the 
peduncle,  into  which  it,  as  it  were,  expands;  while  the 
posterior  margins  of  the  peduncle  become  continuous  with 
the  walls  of  the  sac. 

The  extremity  of  the  peduncle  is  fixed  by  a  peculiar  ce- 
menting substance  to  the  body  to  which  the  L^pa$  adheres ; 
but,  if  it  be  carefully  detached,  there  will  be  found  connected 
with  the  rostral  portion  of  the  surface  a  pair  of  very 
minute,  sing^ular-looking,  organs,  consisting  of  two  proxi- 
mal joints,  succeeded  by  an  articulation  which  is  dilated 
into  a  sucker,  and  terminated  by  an  elongated  setose  joint 
(Fig.  67,  A,  B,  Z).  These  are  the  remains  of  the  anterior 
appendages  of  the  lanra. 

*  <  Monograph  of  the  Cirripedis,'  1851, 1854. 
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From  vbat  had  becoi  said,  it  follows  that  the  Ezed  end  of 
the  peduncle  ia,  in  fact,  the  anterior  extremity  of  the  bodj 
of  the  Uepat,  and  that  a  Barnacle  maj  b«  aaid  to  be  a 
Cnutacean  fixed  fay  its  head,  and  kicking  the  food  into  its 
month  irith  its  lege. 

Fig.  67. 


ng.  67.— A.  Dlagnmmatia  mcUod  of  Bidat—;  B,  of  lAi>m».~a  Ii 
.  placed  in  the  ovi^  of  the  wc,  and  Ilea  over  the  Ubmin;  6,  prawnw; 
c,  cuiDa;  c,  /,  eiiriiiD-lfttenl  compartnient ;  /,  lalaral  oomput- 
ment;  r,  rMtrdm:  i,  leataBi;  t,  tergum ;  /,  penU;  g,  gut- 
formed  gland  ;  A,  dnot  conHeetluB  thij  With  i,  i,  cement  duet  and 
glandi;  t,  antennee;    i,  pedauonlar   oi  ovarUa  tobolea;    M,    OFi- 

The  month  in  L^at  looks  toward*  the  posterior  eztremitj 
of  the  body,  and  leads  into  a  tabular  (BBophagns,  which 
pawee  forwards,  and  opens  bj  a  wide  mperior  eitnmity 
into  the  globolarstooutcfa.    From  this  point,  the  alimoituj 
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canal  bends  back  upon  itself,  and  gradually  narrows  into 
the  intestine,  which  terminates  in  the  anus,  situated  at  the 
extremitj  of  the  abdomen,  on  the  tergal  side  of  the  penis. 
Two  considerable  branched  csBca,  probably  hepatic,  proceed 
as  diverticula  from  the  stomach,  corresponding  very  closely 
in  position  with  those  of  Daphnia.  No  heart  or  other 
circulatory  organs  are  known  to  exist ;  and  it  may  be  doubted 
if  the  ovigerous  frsana  of  Lepas  exert,  as  they  have  been 
supposed  to  do,  a  branchial  function. 

The  nervous  system  consists  of  a  pair  of  cerebral  ganglia 
situated  in  ^nt  of  the  oesophagus,  and  connected  by  long 
commissures  with  the  anterior  of  five  pairs  of  thoracic 
ganglia,  whence  nerves  are  given  off  to  the  limbs.  In  the 
middle  line,  the  cerebral  ganglion  gives  off  two  slender 
nerves,  which  ran  parallel  with  one  another  in  front  of  the 
stomach  and  enlarge  into  two  ganglia,  whence  they  are 
continued  to  a  double  mass  of  pigment,  representing  the 
eyes.  From  the  outer  angles  of  the  cerebral  ganglion  arise 
the  large  nerves  which  proceed  into  the  peduncle  and 
supply  the  sac.  These  appear  to  correspond  with  the 
antennary  and  frontal  nerves  of  other  Crustacea ;  and  Mr. 
Darwin  describes  an  extensive  system  of  splanchnic  nerves. 

Lepae,  like  the  mcgority  of  the  Cirripedia,  is  hermaphrodite. 
The  vesicukd  seminales  are  readily  seen  in  fresh  specimens, 
as  white  cords  distended  with  spermatozoa,  which  run  from 
the  canal  of  the  penis,  into  which  they  open,  forwards,  on 
each  side  of  the  body,  to  the  prosoma,  where  they  end  in 
dilated  extremities,  which  are  connected  with  a  multitude 
of  ramified  csBca  forming  the  proper  testis. 

The  ovaries  are  ramified  tubes  provided  with  ceecal 
dilatations,  and  lodged  in  the  peduncle.  The  oviducts  pass 
into  the  body,  and,  according  to  Krohn,  terminate  in  aper- 
tures situated  on  the  basal  joint  of  the  first  pair  of  cirri.* 
Two  '  gut-formed '  glands,  as  they  are  termed  by  Darwin, 
lie,  one  on  each  side  of  the  stomach,  and  are  probably 

*  The  poiition  of  these  ftP^-      to  the  shell-glands  in  Limnadia 
tores  eorresponds  with  that  orthe      and  Jipua, 
openings,  supposed  to  appertain 
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accessoiy  glandB  of  the  reproductive  organs,  analogous  to 
those  which  secrete  the  walls  of  the  ovisac  in  the  Copepoda, 

The  mode  of  exit  of  the  ova  from  the  ovary  is  not  certainly 
known,  nor  is  the  place  of  their  impregnation  ascertained ; 
but  thej  are  eventually  found  cemented  together  by  chitin 
into  large  lamelle,  which  adhere  to  the  ovigerous  fresna, 
and,  ordinarily,  at  once  strike  the  eye  when  the  capitolum 
of  a  Oirripede  is  opened. 

Yelk  division  is  complete,  and  the  embryo  attains  to  its 
earliest  larval  condition  .within  the  egg.  If  a  series  of  the 
fresh  ovigerous  lamella  be  taken  and  pulled  to  pieces  with 

Fig.  68. 


Fig.  68.— A.  Larva  of  Bafanut  baJmunde$  on  leaving  the  Oftg  (after 
Spence-Bate).  B.  Attached  pupa  of  LepoM  euiatrali*  (after  Darwin) :. 
n,  antennary  apodemes;  t,  gut-fonned  gland,  with  cement  duct 
running  to  the  antenna. 

needles  in  a  watch-glass  full  of  sea-water,  one  is  pretty 
sure  to  be  found  whence  a  number  of  active  little  NaupKus- 
like  animalcules  are  set  free  (Fig.  68,  A).  Each  presents 
a  somewhat  triangular  body,  produced  in  the  middle  line 
posteriorly  and  at  its  anterior  lateral  angles.  The  mouth 
is  situated  on  a  proboscidiform  projection  placed  nearly  in 
the  centre  of  the  body,  and  in  the  midst  of  three  pairs  of 
natatory  limbs,  of  which  the  two  posterior  pairs  have  bifid 
extremities.  In  front  of  the  mouth,  either  in  this  stage,  or 
after  one  or  two  moultings,  two  filaments  are  often  deve- 
loped.    A  single  eye-spot  is  situated  in  front  of  the  bases 
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of  the  anterior  appendages.  After  moulting  several  times, 
the  larra  assumes  a  new  form,  passing  into  its  second 
stage.  The  carapace  is  now  oval  and  compressed,  so  as 
more  nearly  to  resemhle  that  of  a  Daphnia  or  Cypris, 
There  are  two  ejes.  The  first  pair  of  swimming  appendages 
of  the  Nauplius  are  converted  into  antenidf  orm  organs,  each 
provided  with  a  sucker,  and  the  rudiments  of  the  six  pairs 
of  cirri  make  their  appearance  behind  the  mouth.* 

In  the  third  stage,  the  larva  is,  as  Mr.  Darwin  states, 
"much  compressed,  nearly  of  the  shape  of  a  Cypria  or 
mussel-sheU,  with  the  anterior  end  the  thickest,  the  sternal 
surface  nearly  or  quite  straight,  and  the  dorsal  arched. 
ALnost  the  whole  of  what  is  externally  visible  consists  of 
the  carapace;  for  the  ^orax  and  limbs  are  hidden  and 
enclosed  by  its  backward  prolongation ;  ■  and,  even  at  the 
anterior  end  of  the  animal,  the  narrow  sternal  surface  can 
be  drawn  up,  so  as  to  be  likewise  enclosed."  The  larva,  in 
•  this  stage,  is  provided  with  two  large  compound  lateral 
eyes,  while  the  median  eye  is  arrested  in  its  development. 
The  oral  tubercle  exhibits  all  the  gnathites  of  a  Oirripede, 
but  they  are  covered  by  an  imperforate  integ^ument,  so 
that  this  "locomotive  pupa,"  as  Mr.  Darwin  terms  it,  is 
unable  to  feed.  There  are  six  pairs  of  legs,  and  the  thorax 
ends  in  an  abdomen,  consisting  of  three  somites  terminated 
by  two  caudal  appendages.  There  is  no  penis.  The  most 
remarkable  structures  in  the  pupa,  however,  are  the  "  gut- 
formed  glands,"  which  are  already  well  developed,  and 
from  which  the  cement  ducts  can  be  traced  to  the  disks  of 
the  antenniform  organs,  on  the  faces  of  which  they  open. 
The  pupa»  after  swimming  about  for  awhile,  at  length 
selects  its  permanent  resting-place,  to  which  it  adheres, 
at  first,  only  by  the  action  of  the  suctorial  disks.  The 
temporary  attachment,  however,  is  speedily  converted  into 
a  persistent  one,  the  cement  pouring  out  from  its  excre- 

*  Acoordfaig  to  Claus  (*  Grand-  case  the  antennary  organe  repre- 

suee  der  Zoologie,*  3te  Auflage,  p.  sent  antennules,  and  uie  limbs  of 

460),  the  second  pair  of  appen-  the   Cirripede   Nauplhu    corre- 

dages  disappears,  and  the  third  spend  with  those  of  the  Copepod 

gives  rise  to  the  mandibles.  In  this  and  Branchlopod  NavjUhu, 
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toiy  apertures  on  the  disks,  and  firmlj  gluing  them  and 
the  anterior  end  of  the  body  down  to  the  surface  on  which 
thejrest. 

Ooincidentlj  with  these  changes,  seyeral  other  important 
alterations  take  place,  during  the  passage  of  the  locomotive 
pupa  into  the  fixed  young  Girripede.  The  compound  eyes 
are  moulted,  and  with  them  the  antennary  apodemes,  fur- 
nished by  the  integument  of  the  deep  fold  which  separatee 
that  part  of  the  body  of  the  pupa  which  corresponds  with  the 
beak  o£  a  Daphniaf  or  of  a  Limnetis,  from  the  prosoma.  The 
fold  is  thus  enabled  to  straighten  itself;  and,  as  a  conse- 
quence, the  carapace  of  the  Girripede,  instead  of  rftmaining 
more  or  less  parallel  with  the  surface  of  attachment,  be- 
comes perpendicular  to  it.  Again,  in  the  pupa,  the  axis  of 
the  carapace  and  that  of  the  body  are  identical  in  direction ; 
'but,  during  the  last  moult,  the  chamber  of  the  carapace 
extends  forwards  far  more  on  the  tergal  than  on  the  sternal 
side,  separating  the  tergal  part  of  the  prosoma  from  the 
**  beak,'*  with  which  it  was  at  first  continaous,  and  thus 
allowing  the  body  of  the  Girripede  to  take  its  final  position, 
which  is  nearly  transverse  to  the  axis  of  the  carapace. 

The  terga  and  Acuta  now  appear  as  homy  thickenings, 
and,  afterwards,  as  calcifications  in  the  wall  of  the  oapi- 
tulum.  The  frsena  and  the  penis  make  their  appearance, 
and  the  genitalia  become  developed  in  the  prosoma  and  in 
the  peduncle,  which  is  produced  by  the  gradual  elongation 
of  the  "  beak  "  of  the  pupa. 

With  the  assumption  of  its  perfect  form,  the  Girripede 
ceases  to  moult  its  carapace,  ecdysis  being  hereafter  confined 
to  the  iimer  lining  of  the  sac,  and  to  the  integument  of  the 

contained  body. 

Such  is  the  structure  and  development  oi^  a  typical  pe- 
dunculate Girripede.  In  other  genera,  such  as  PolUcipea, 
calcareous  plates  are  developed  on  the  peduncle,  foreshadow- 
ing the  compartments  of  the  sessile  forms.  The  latter,  of 
which  BaJanus  may  be  regarded  as  the  type,  differ  in  struc- 
ture from  L^pas  in  no  very  essential  particular.  The 
peduncle,  very  short  and  broad,  instead  of  slender  and  elon- 
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gated,  is  encased  bj  its  compartments,  and  is  sometimes 
fixed  by  a  shelly  basis.  The  arrangement  of  the  layers 
of  cement  is  often  extremely  complicated ;  the  scuta  and 
terga  are  articulated  together ;  the  f  rsena  are  much  larger 
organs,  and  possibly  subserve  the  respiratory  function; 
the  thoracic  ganglia  are  concentrated  into  a  single  mass ; 
and  the  cementing  apparatus  is  much  more  complicated. 

The  pedunculate  and  sessile  Cirripedia,  taken  together, 
constitute  by  far  the  largest  of  the  three  great  groups 
which  Mr.  Darwin  recognises ;  namely,  the  Thoracicat  cha- 
racterised by  having  limbs  attached  to  the  thoracic  somites, 
while  the  abdomen  is  rudimentary. 

The  second  group,  the  AhdonUnaMa,  contains  only  one 
genus,  Cryptopkialus,  (Fig.  69,  5,  6)  which  hab  no  thoracic 
limbs,  but  is  provided  with  three  pairs  of  abdominal  ap- 
pendages. The  larva  is  very  imperfect  in  its  first  and 
second  changes,  which  are  undergone  within  the  sac  of  the 
parent. 

The  third  group,  Apoda,  likewise  contains  only  one  genus, 
the  remarkable  Proteol^piu  (Fig.  69,  7),  which  is  devoid  of 
either  thoracic  or  abdominal  limbs;  it  has  a  vermiform 
body,  and  a  rudimentary  peduncle,  represented  by  two 
threads  terminated  by  the  characteristic  antenniform 
organs. 

In  the  great  majority  of  the  Cirripedia  the  sexual  appa- 
ratus is  disposed  as  in  Lepas,  but  Cryptophiahis  and  Aldppe 
are  unisexual,  the  male  differing  very  widely  in  form  and 
size  from  the  female  (Fig.  69,  3,  6). 

The  BalamdcB,  or  sessile  Girripedes,  all  present  the  normal 
sexual  relations ;  but  the  other  division  of  the  Tkontdca,  the 
LepadicUB,  contains  two  genera,  Ibla  and  ScalpeUunif  which 
noton^  possess  species  having  the  sexes  in  distinct  indi- 
viduals, but  others  presenting  the  unique  combination  of 
males  with  hermaphrodites.  Thus,  SealpeUum  wdgare  is 
hermaphrodite,  possessing  well-developed  male  and  female 
organs.  Nevertheless,  on  the  inner  side  of  the  ocdudent 
margin  of  its  scutum  there  is  a  fold,  over  which  and  im- 
bedded in  the  spinose  chitinous  border  of  the  scutum,  a 


800   THB  ANATOMY  OF  IKYEBTEBBATED  ANIMALB. 

minute,  oral,  sac-like  creatore  is  commoiily  found,  firmly  at- 

Fig.  69. 


Fig.  69.— 1.  Alc^ype  lampaa;  female.  2.  The  tame  in  sectional  view. 
H.  Horny  disk  of  attachment ;  in  1,  the  males  are  visible  as  dark 
specks  on  either  side  of  the  upper  part  of  the  sac ;  e,  ovarv.  h,  Fir«t 
pair  of  cirri,  k,  /.  n.  Three  segments  of  the  thorax  without  cirri ; 
the  other  three  segments,  bearing  the  three  pairs  of  terminal  cirri, 
are  very  short  3.  Male  Alcippe.  a.  Antennary  appendages,  b. 
Vesicula  seminalis.  o.  Eye.  d.  Testis,  k.  Orifice  or  the  sac.  m. 
Penis.  4.  Burrow  of  Alcippe  in  a  portion  of  a  Fkttus  shelL  A. 
Crypiophiahu  minuitu  (female)  with  the  outer  integument  removed. 
e.  Labnim.  /.  Palpi,  ff.  Outer  maxillsB.  h.  Rudimentary  mazilll- 
pede.  c.  Wall  of  sac  continued  above  into  the  rim  of  the  aperture 
a,  b.  I.  m.  Abdominal  cirri.  i»  Appendages  of  unknown  nature. 
6.  Male  Ctyptophialus,  7.  PrUeoleptu  bivincta,  m.  Mouth,  g.  K, 
Peduncle  t^  antenna,  t.  A.  Vesicula  seminalis  and  penis.  (After 
Darwin.) 

tached  by  cement  which  covers  the  characteristic  antennnles 
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of  a  Cirripede.  Within  the  sac  is  a  thorax,  with  four  pairs 
of  mdimentary  appendages  terminated  by  a  short  abdomen. 
There  is  neither  mouth,  alimentary  canal,  nor  gnathites, 
the  caTity  of  the  body  being  pi*incipally  occupied  by  a  great 
seminal  vesicle ;  and  no  trace  of  female  organs  exists.  This 
is,  therefore,  an  accessory,  or  "  complemental "  male.  In 
SccUpellwn  omaiwnif  the  individuals  are  males  and  females, 
two  of  the  former  being  lodged  in  cavities  of  the  scuta 
of  one  of  the  latter,  as  in  the  preceding  species,  and  in 
8.  ndilwn.  The  males  have  no  mouth.  8.  rostrahmi  has 
complemental  males,  provided  with  alimentary  organs  at- 
tached to  the  interior  of  the  sac  of  the  hermaphrodite,  while 
8.  Peronii  and  vUhawm  have  still  more  perfect  complemental 
males  fixed  in  a  like  position.  In  Ibla  Cwmngii^  the  female 
has  a  vermiform  male,  provided  with  well-developed  ali- 
mentary organs,  attached  within  her  sac;  but,  in  the  only 
other  species  of  this  genus,  J.  quadrwdhU,  a  similarly 
constructed,  but  here  only  complemental  male,  is  lodged 
in  a  wlatiyely  large  hermaphrodite  form. 

With  regard  to  the  habits  of  the  Oirripedia,  the  ma- 
jority are  merely  cemented  to  foreign  bodies.  Anelasma 
and  TuMcineUa,  however,  partially  bury  themselves  in  the 
integpiments  of  the  shark  and  whale,  and  thus  prepare  us 
for  the  completely  boring  habit  of  Cryptophialus,  lAthotrya, 
and  Alcippe,  the  latter  of  which  (Fig.  69,  i,  2,  3)  burrows 
in  dead  shells  on  our  own  coasts. 

Proteolepcu  lives  within  the  sac  of  Al^paa  comuta,  and 
appears  to  be  truly  parasitic  upon  it,  sucking  the  nutritive 
juices  from  the  soft  prosoma  of  the  animal  which  it  infests. 

The  Cvnipedda  are  almost  exclusively  marine,  only  a  few 
species  tolerating  even  brackish  water.  The  Thoracica 
alone  have  yet  been  found  in  the  fossil  state.  The  oldest 
known  genus,  FoUidpes,  occurs  in  the  lower  oolite ;  there 
is  a  single  cretaceous  species  of  Verruca^  but  the  sessile 
Oirripedes  become  numerous  only  in  the  tertiary  epoch. 

The  Bhizocxphala  {PeUogcuter,  8accvUna)  are  small 
and  parasitic;,  usually  upon  the  abdomen  of  other  CruS' 


302       THK  XNITOHT  OW  HfTBBTEBBATED  INIHALS. 

taeea  {Podophihdbnia).  The  bod;  ii  like  a  boo  or  disk,  and 
devoid  of  segmentation  and  of  limbs.  The  aperture  of  the 
aaa  is  fonnel-ahaped  and  supported  hy  a  ring  of  chitin. 
The  circumference  of  the  fannel  girea  off  a  number  of 
root-like  proceesee,  which  branoh  out  throngb  the  bodj  of 
the  infested  unimril  The  oUmentar;  canal  is  obsolete,  and 
there  are  no  cement  ghmdH.  They  ore  hermaphrodite,  and 
Fig.  70. 


Fig.  70. — A.  JVinpftiu-ltage  of  $acnijtiui/nir}nirni.' 

B.  Omnt-ttxge  at  Lemaodiiciii  pmvtUaMc.     C.  AiIuU  fwiidltkni  of 

Fmogaiier  pagnri :  a,  uiterf  or  end  of  the  bod;  :  b,  kpertnre :  c,  lool- 

lik>procena.    (AfWr  ?.  MOllar.) 

ihe  jonng,  like  those  of  the  other  FeeiMWaea,  pass  through 
a  AiMtpInw  and  a  Oypria  stage.* 

The  liAiACOBTAACA.— The  gronpe  of  Crtisiaeea  known 
aa  the  Podophlhalmia,  the  Camaeea,  &e  Edriophthahaia, 
and  the  Stomafopoda  are  here  included  nnder  thla  head. 

'TbetornQprii-itigg,  nmmllj  Inplj    uiy  tpeolsl  sfflnltx  with 

spplled'to  tbaC  oondltioB  of  the  tbs  (Mracoda.    On  tbe  oontrujr, 

luvB  of  the  i'wtoMmaaln  which  Ibe  larva  in  the  Q^priMUge  l> 

the;  are  provided  wlUi  a  btviUve  much  mon  ainiilac  to  a  Copepod 

earaiKW*,  nuat  Dot  be  taken  to  or  BraoeUo^. 
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The  body  oonsists  of  twenty  somites  (coimting  that  which 
bears  the  eyes  as  one),  and,  of  these,  six  (bearing  the  eyes, 
antennnles,  antennse,  mandibles,  and  two  pairs  of  mazillse) 
constitute  the  head ;  eight  enter  into  the  thorax,  and  beai* 
the  foot-jaws  and  ambulatory  limbs;  and  six  form  the 
abdomen  and  swimming  limbs.  In  some  few  instances 
the  number  of  somites  is  reduced,  but  they  never  exceed 
twenty. 

The  Nofu^Uua-toTm  of  the  free  embryo  is  rare,  but  occurs 
in  some  oases  {Peneus).  In  others  {Myais)  it  is  represented 
only  by  a  temporary  condition  of  the  embryo,  during  which, 
howerer,  a  ohitinous  outicula  is  formed  and  subsequently 
shed;  and  what  appear  to  be  remains  of  such  a  transitory 
record  of  an  original  Natq^Uus  state,  are  seen  in  many 
Amph^poda  and  Isopoda,  which  nearly  attain  their  adult 
f oim  within  the  egg.  In.  most  PodophthcUmia,  the  embryo 
leaves  the  egg,  not  as  a  Naupliu9,  but  as  a  Zocda,  which 
has  thoracic,  but  no  abdominal,  appendages,  and  in  many 
respects  resembles  a  Copepod. 

The  Cwnuicea  take  an  intermediate  position  between  the 
Jtodophthalmia  and  the  JEdriopMhahnda  on  the  one  hand, 
and  the  PkyUopoda  {Nebcdia)  on  the  other.  They  thus 
serve  to  connect  the  Malaco$traea  with  the  Eniomaetraea, 

The  PoDOPHTHALMiA. — ^It  wiU  be  oonvenient  to  com- 
mence the  study  of  the  MoUacoitrcLca  with  the  Podoph- 
ikalmia,  and,  as  excellent  examples  of  this  division  of 
convenient  size  are  readily  obtainable  in  the  fresh-water 
Crayfish  {Astacue  fiwri/oHliB)  and  the  Lobster  {Homobtrus 
wlgoM),  and  as  they  furnish  a  very  intelligible  guide  to 
the  general  plan  of  storueture  of  the  higher  Arihropoda,  the 
organisation  of  AMta4!U8  will  be  described  at  length.  With 
some  unimportant  modifications,  what  is  said  about  it  will 
be  found  to  apply  to  the  Lobster. 

The  upper  and  anterior  portion  of  the  dense  and  more 
or  less  calcified  exoskeleton,  which  covers  the  body  of 
AskicuB,  has  the  form  of  a  large  expanded,  shield-like  plate, 
the  carapace,  produced  into  a  strong  frontal  spine  be- 


B04t       THB  ANATOMY  OF  INYEBTEBSATED  ANIMALS. 

tween  the  ejee,  and  bent  down  at  the  sides,  so  as  to  reach 
the  bases  of  the  legs.  The  posterior  division  of  the  body, 
on  the  other  hand,  presents  a  very  different  aspect,  bein^ 
divided  into  a  series  of  distinct  moveable  somites.  This 
is  called  the  'abdomen,  while  the  anterior  division,  covered 
by  the  carapace,  corresponds  with  the  head  and  thorax  of 
other  Arthropodci,  and  receives  the  name  of  oephalo- 
thorax. 

On  turning  to  the  ventral  surface  of  the  Crayfish,  a  great 
number  of  limbs  or  appendages,  twenty  pairs  in  all,  are 
seen  to  be  attached  to  the  cephalo-thorax  and  abdomen,  six 
pairs  belonging  to  the  latter,  and  fotirteen  pairs  to  the 
former  region  of  the  body. 

The  six  pairs  of  abdominal  appendages  are  commonly 
known  as  the  ''fake"  or  "swimming"  feet;  and  it  will 
be  observed  that  they  are  attached  to  the  six  anterior 
segments  of  the  abdomen  only,  the  seventh  being  unpro- 
vided with  any  such  organs.  Of  the  fourteen  pairs  of 
cephalo-thoracic  appendages,  the  five  posterior  are  called 
the  ''ambulatory"  legs,  being  the  organs  by  which  the 
Crayfish  is  enabled  to  walk.  Strictly  speaking,  however, 
the  anterior  of  the  five  pairs  is  not  more  ambulatory  than 
prehensile,  being  so  modified  as  to  constitute  the  great 
claws  or  "  chelflB." 

Of  the  six  next  pairs  of  appendages,  passing  from  b^ind 
forwards,  five  are  not  at  first  sight  apparent,  the  posterior 
pair,  which  axe  applied  over  the  mouth  and  cover  the  others, 
being  alone  visible.  These  and  the  two  pairs  which  lie  im- 
mediately under,  or  in  front  of  them,  are  called  mawiUu 
pedes,  or  "foot-jaws."  The  next  two  pairs,  delicate  and 
foliaceous,  are  the  maxillse;  while  beneath  or  rather  in 
front  of  them,  are  two  strong,  toothed  organs,  the  mandi- 
bles. These,  the  maxill»  and  the  maxiUipedes,  thus  con- 
stitute six  pairs  of  gnathites. 

The  remaining  three  pairs  of  appendages  occupy  the  sides 
of  the  fore-part  of  the  cephalo-thorax,  in  front  of  the 
mouth.  The  most  posterior  pair,  or  the  long  feelers,  are 
the  antennee;  the  next,  or  the  short  feelers,  are  the  anten- 
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nuke ;  wlule  the  most  anterior  pair  are  the  moveable  stalks, 
-which  support  the  ejes  upon  their  extremities ;  the  "  oph- 
thalmic peduncles,"  or  '*  ophthalmites.*' 

To  arrive  at  an  understanding  of  the  composition  of 
this  complex  body,  with  its  multiform  appendages,  we 
must  first  detach  and  study  carefully  one  of  the  abdominal 
8egment8--say  the  third.  Such  a  segment  is  nearly  semi- 
circular in  vertical  section,  the  dorsal  wall,  or  tergnm, 
being  very  convex,  and  where  it  reaches  the  level  of  the 
almost  straight  ventral  wall,  or  sternum,  sending  down 
a  flattened  lobe,  which  is  reflected  at  its  free  edges  into 
a  corresponding  prolongation  of  the  ventral  wall,  so  that 
each  infero-lateral  angle  of  the  segment  is  prolonged  into 
a  hollow  process,  the  pleuron.  Near  the  outer  extremities 
of  the  straight  ventral  portion  of  the  segment  two  rounded 
articular  cavities,  which  receive  the  basal  joints  of  the  ap- 
pendages, are  situated.  A  transverse  groove  will  be  seen 
on  the  tergum,  separating  rather  more  than  the  anterior 
third  of  its  surface,  as  a  smooth,  convex,  lenticular  facet, 
which  is  completely  overlapped  by  the  posterior  margin 
of  the  preceding  segment,  when  the  abdomen  is  extended, 
and  is  left  uncovered  only  in  complete  flexion.  This  is 
the  tergal  facet,  A  corresponding  flattened  and  rather 
excavated  surface  upon  the  anterior  half  of  the  pleuron, 
which  is  similarly  overlapped  by  the  preceding  pleuron, 
and  is  left  uncovered  only  in  complete  extension,  may  be 
termed  the  pleural  facet.  It  will  be  observed  that  there  is  a 
close  correspondence  between  the  skeleton  of  an  abdominal 
somite  of  a  Gray-fish,  and  that  of  a  thoracic  somite  of  a 
Trilobite;  except  that>  in  the  latter,  the  sternal  region  is 
not  calcified. 

The  appendages  of  the  segment  (Fig.  71,  K)  are  very 
simple,  consisting  of  a  cylindrical  basal  portion,  divided 
into  two  joints,  a  shorter  proximal,  and  a  longer  distal, 
to  the  latter  of  which  two  terminal  many-jointed  filaments 
are  articulated.  The  inner  of  these  is  distingpiished  from 
the  outer  by  possessing  a  more  elongated  and  wider  basal 
joint.    The  whole  basal  division  of  the  appendages  is  the 
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Fig.  71. — Astaeua  fluviaiSis.  A.  Mandible,  a,  (»  endopodite ;  o,  its 
terminal  joints  constituting  the  palpus  of  the  mandible.  B.  First 
maxilla.  G.  Second  maxilla.  D.  First  maxillipede.  £.  Second 
mazilllpede.  F.  Third  maxillipede.  All  the  preceding, except  B. 
are  left  limbs.    G.  Ambulatory  leg.    H.  Appendage  of  first,  ana 

1,  of  second  abdominal  somite  in  the  male.  iC.  Appendage  of  third 
abdominal  somite.  L.  Sixth  abdominal  somite,  with  its  appen- 
dages and  telson.  a,  6.  Endopodite.  c.  Exopodite.  d,  Epipodlte. 
e.  Setaceoos  filaments  attached  to  coxopodite.  x.  Tergom  or  sixth 
abdominal  somite,    y,  z.  The  two  divisions  of  the  telson.     Iir  G  t 

2,  basipodite ;  3,  isohlopodite ;  4,  meropodite ;  !>,  carpopodite ;  6,  pro- 
podite;  7,  dactylopodite.  In  A.  d  marks  the  tendon  of  the  adductor 
muscle,  and,  in  J&,  the  joints  of  a  6,  and  e  are  not  sufiicieatly 
numerous.  M,  Transverse  section  of  half  a  thoracic  somite  (a). 
6.  Coxopodite.  e.  Basipodite.  d,  Ischiopodite.  h.  Branchiferous 
cpipodite.  f^  p.  Branchiae,  e.  Filiform  appendage.  N.  One  of 
the  branchiferous  epipodites.  a.  Its  point  of  attachment.  Jk  Basal 
enlargement,    c.  Branchial  filaments,    d.  Terminal  lobes. 

protopodite ;  while  the  internal  and  external  terminal  fila^ 
menta  are  the  endopodite  {a  b)  and  exopodite  (o). 

An  abdominal  segment,  or  somite,  then,  is  composed 
of  a  tergum,  two  pleura,  and  a  stemnm ;  but  it  must  be 
remembered  that  these  terms  rather  indicate  regions  than 
anatomical  elements,  the  whole  segment  being  continuously 
calcified,  and  no  sutures  or  other  absolute  demarcations 
separating  one  portion  from  another.  Furthermore,  the 
somite  carries  two  appendages,  each  divided  into  a  proximal 
portion  or  protopodite,  terminated  by  two  branches,  the 
endopodite  and  exopodite. 

The  whole  exoskeleton  of  the  ABiaeue,  however  Tarions 
may  be  the  appearance  of  its  different  parts,  consists  of 
somites  and  appendages  essentially  sinular  to  those  which 
haye  jnst  been  described,  but  which  are  more  or  less 
masked  by  the  connationr,  the  coalescence,  the  abortion, 
or  the  extreme  modification  of  their  primitive  elements. 

If,  in  the  first  place,  we  follow  out  these  modifications  in 
the  posterior  somites,  we  find  the  fourth,  fifth,  and  sixth 
abdominal  somites  to  be,  in  all  essential  respects,  similar  to 
the  third;  but  the  appendages  of  the  sixth  (Fig,  71,  L) 
are  singularly  changed,  the  protopodite  being  represented 
by  a  single  strong,  short  joint,  and  the  exopodite  and 
endopodite  having  the  form  of  wide  oval  setose  plates. 
The  exopodite  is  again  divided  into  two  portions  by  a 
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transyerse  joint.  The  seventh  division  of  the  abdomen 
(Fig.  71,  L,  y,  «)  is  the  telean.  This  telaon  bears  no  appen- 
dages ;  dorsally  it  is  oompletelj  calcified,  bat  is  divided  by 
a  transverse  sntore  into  two  portions,  the  posterior  of  which 
is  moveable  upon  the  other;  ventrallj,  on  the  contrary,  it 
is  only  the  posterior  part  which  is  fully  calcified,  the  middle 
of  the  anterior  portion,  in  which  the  anus  is  situated,  being 
completely  membranous,  and  the  sides  only  being  strength- 
ened by  calcareous  plates  extending  inwards  from  the 
dorsal  hard  skeletal  element,  or  scUrodermUe, 

The  powerful  tail-fin  of  the  Aatacus  is  formed  by  the 
telson,  combined  with  the  two  distal  divisions  of  the  sixth 
abdominal  appendages  on  each  side.  The  other  abdominal 
appendages  can  have  very  little  influence  on  locomotion. 
In  the  female,  however,  they  play  an  important  part,  as 
the  carriers  of  the  eggs;  and,  in  this  sex,  there  is  nothing 
worthy  of  special  notice  about  the  first  and  second  ab- 
dominal somites  or  their  appendages,  except  that  those  of 
the  first  are  rudimentary.  In  the  male,  the  appendages 
of  these  two  somites  have  undergone  a  very  interesting 
metamorphosis,  whereby  they  are  fitted  to  subserve  copula- 
tion. Those  of  the  second  somite  (Fig.  71, 1)  are  enlarged, 
and  the  protopodite  and  basal  joint  of  the  endopodite  arc 
much  elongated ;  the  latter  being  produced  internally  into 
a  plate  rolled  upon  itself,  and  thence  concave  outwards 
and  forwai-diB.  It  is  as  long  as  the  rest  of  the  endopodite 
(which  like  the  exopodite  is  many-jointed)  and  serves  as  a 
sort  of  sheath  for  the  reception  of  the  appendage  of  the 
first  abdominal  somite  (Fig.  71,  H)  which  consists  of  a 
single  plate  rolled  upon  itself  in  a  similar  manner,  so  as 
to  resemble  a  grooved  style.  These  organs,  doubtless,  help 
to  convey  the  spermatophores  from  the  male  genital  aper- 
tures to  the  body  of  the  female. 

The  compact  and  firm  cephalo-thorax  seems  at  first  to 
differ  widely  from  the  flexible,  many-jointed  abdomen ;  but 
the  most  posterior  of  its  somites  offers  an  interesting  transi- 
tion from  the  one  to  the  other.  This  somite  is,  in  fact,  only 
united  by  membrane  to  that  which  precedes  it»  and  is  hence» 
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to  a  oertam  extent,  moveable.  Its  BtenuJ  portion  is  com* 
pletely  calcified,  but  the  epimera*  are  only  partially  cal- 
cified. 

The  appendages  of  this  somite  differ  widely  from  those 
of  the  abdomen,  representing  (as  their  deyelopment  shows) 
only  the  protopodite  and  endopodite  of  the  latter.  Each 
is  a  long  firm  leg,  composed  of  seven  joints,  the  proximal 
one  being  thicker  than  any  of  the  rest,  while  the  terminal 
joint  is  narrow,  carved  and  pointed.  To  these  seven  joints, 
Milne-Edwards  has  applied  the  following  terms  (Fig.  71, 
6).  The  proximal  one  which  articulates  with  the  somite, 
is  the  eoxopodUe  (1),  the  next,  small  and  conical,  is  the  bii&i' 
podUe  (2),  the  third  cylindrical,  short,  and  marked  by  an 
g^wnnliti*  constriction,  is  the  Uchiopodite  (3).  Next  oomes 
a  long  joints  the  meropodiie  (4),  then  the  earpopodite  (5)  and 
propodUe  (6),  and,  finally,  the  terminal  dadylopodite  (7).  f 

The  next  four  somites,  proceeding  anteriorly,  have  a 
similar  general  character  to  that  which  has  just  been  de- 
scribed, but  they  cease  to  be  moveable  upon  one  another, 
partly  by  reason  of  the  calcification  of  the  interepimeral 
and  interstemal  membranes,  partly  on  account  of  the 
development  of  these  membranes  by  a  folding  inwards,  or 
involution,  into  processes,  the  apodemes,  which  project 
inwards  and  unite  with  one  another  in  the  cavity  of  the 
thorax.  In  an  Astaous  which  has  been  macerated)  or, 
better,  boiled  in  caustic  alkali,  the  floor  of  the  thoracic 
cavity  is  seen  to  be  divided  into  a  number  of  incomplete 
cells,  or  chambers,  by  these  apodemal  partitions,  which  will 
be  observed,  on  careful  examination,  to  arise  partly  from 
the  interstemal,  partly  from  the  interepimeral  membrane 
connecting  every  pair  of  somites.  The  former  portion  of 
each  apodeme  is  the  endostemiie,  the  latter  the  endopletmte 
of  Milne-Edwards.    As  a  general  rule,  each  endostemite  is 

*  The  term  epimeron  is  here  appendage  and  the  pleuron. 

erapkyed  ia  a  more  special  sense  f  Probably  the  coxo-  and  basi- 

thao  that  commonly  used,  to  de-  podite   together  answer  to  the 

Aote  that  part  of  the  lateral  wall  protopodite    of  the    abdominal 

of  a  somite  which   is   situated  appendages,  the  remaining  joints 

between  the  articulation  of  the  representing  the  endopodite. 
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distinguisliable  into  tliree  apopltyseei — tbe  arthrodial,  which 
passes  outwards  and  unites  with  the  descending  division  of 
the  endopleurite  to  form  one  boundary  of  an  articular 
cavity  for  a  limb ;  the  mesophragmal,  which  is  directed  in- 
wards, uniting  with  its  fellow,  and  forming  an  arch  over 
the  passage  left  in  the  middle  line  between  each  pair  of 
endostemites — the  so-called  sternal  caruH- ;  lastly,  the  para- 
phragmal  division  is  a  small  process,  which  passes  forwards, 
upwards,  and  outwards,  and  unites  with  the  anterior  division 
of  its  own  endopleurite,  and  with  the  posterior  division  of 
the  endopleurite  in  front  of  it. 

The  endopleurite,  likewise,  divides  into  three  apophyses, 
one  descending  or  arthrodial,  and  two  which  pass  nearly  hori- 
zontally inwards :  the  anterior  horizontal  apophysis  uniting 
with  its  own  paraphragmal  apophysis,  the  posterior  with  the 
paraphragmal  of  the  antecedent  endostemite.  The  posterior 
horizontal  apophysis,  therefore,  crosses  the  space  between 
every  pair  of  apodemes  diagonally,  whence  the  appearance 
of  a  double  row  of  longitudinal  cells  opening  above,  on  each 
side  of  the  sternal  canaL  It  will  be  understood,  however, 
that  these  cells  are  veiy  incomplete,  communicating  with 
one  another  anteriorly  and  posteriorly,  by  the  large 
apertures  left  between  the  endostemites  and  endopleurites ; 
and,  laterally,  by  the  spaces  between  the  endostemites, 
through  which  each  series  opens  into  the  sternal  canal ;  while 
above,  they  are  in  free  communication  with  the  thoracic 
cavity.  The  apodemes  give  attachment  to  the  muscles 
of  the  appendages,  while  the  chain  of  ganglia  and  the 
sternal  artery  lie  in  the  sternal  canal. 

The  appendages  of  the  penultimate,  resemble  those  of  the 
last,  thoracic  somite,  but  the  three  preceding  pairs  differ 
from  them  by  being  chelate,  that  is,  by  having  the  posterior 
distal  angle  of  the  propodite  produced  so  as  to  equal  the 
dactylopodite  in  length,  and  thus  constitute  a  sort  of 
opposable  finger  for  it  (Fig.  71,  G,  6,  7).  The  first  ambulatory 
or  prehensile  limb,  again,  is  remarkable  for  its  great  size 
and  strength,  and  for  the  ankylosis  of  its  basipodite  with 
the  ischiopodite. 
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't!b.e  four  anterior  pairs  of  ambulatory  limbs  differ  from 
the  last  pair  in  possessing  a  long  cnryed  appendage  (Fig. 
71,  N),  which  ascends  from  the  cozopodite,  with  which  it  is 
articulated,  and  passes  into  the  branchial  chamber,  in  which 
it  lies.  This  is  the  epipodUe ;  its  relation  to  the  function 
of  respiration  will  be  adverted  to  presently. 

The  sterna,  which  are  wide  in  the  three  hindmost  thoracic 
somites,  become  very  narrow  and  almost  linear  in  the 
anterior  ones.  They  and  their  apodemes,  however,  remain 
peif ecUy  recognisable. 

The  sternal  regions  of  the  three  mazillipedary  somites 
have  the  same  characters,  their  appendages  and  articular 
cavities  becoming  smaller ;  while,  by  the  contemporaneous 
excessive  narrowing  of  the  interarticular  regions  of  the 
sterna,  these  cavities  are  closely  approximated. 

The  sternum  of  the  next  anterior  somite  (beai*ing  the 
second  pair  of  maxillie),  on  the  other  hand,  though  very 
narrow  from  before  backwards,  has  a  considerable  width, 
and  its  articular  cavities,  already  much  larger  than  those 
of  the  anterior  maxilUpedary  somites,  are  consequently 
thrown  outwards.  Hence  results  a  sudden  widening  of 
the  second  maxillary,  as  compared  with  the  first  maxilli- 
pedaxy  somite;  and,  as  a  consequence,  we  find  a  deep 
fold  or  depression  on  the  sides  of  the  body,  where  these  two 
somites  join.  This  fold  is  directed  upwards  and  backwards 
on  the  flanks  of  the  body,  parallel  with  an  imx>ortant  im- 
pression on  the  carapace,  the  cervical  groove.  Not  only  on 
this  ground,  but  because  the  fold  really  represents  a  true 
neck,  or  separation  between  the  head  and  thorax,  it  may 
approximately  be  termed  the  ceroicdl  fold.  The  scapho- 
gnathite,  (Fig.  71,  0,  c,  <2,)  an  important  appendage  of  the 
second  maxilla,  lies  in  this  cervical  fold. 

The  appendages  of  the  three  maxillipedary  somites  (Fig. 
71,  D,  E,  F)  are  highly  interesting,  inasmuch  as  they  afford 
transitional  forma  between  the  ambulatory  limbs  and 
the  gnathites.  Each  maxillipede  is  composed  of  three 
divisions,  articulated  with  a  stout  protopodite.  The 
outermost  of  these  divisions  is  a  curved,  elongated  lamina 
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(d),  precisely  resembliug  the  epipodxte  of  the  posterior 
thoracic  limbs  in  the  two  hinder  mazilHpedes  (E,  F) ;  but, 
in  the  anterior  (D)  not  modified  so  aa  to  serve  as  a  brancfaia, 
and  rather  approaching  the  scaphognathite  in  form. 

The  middle  division  of  each  mazillipede  (c),  answering  to 
the  exopodite,  is  long,  slender,  manj-jointed,  and  palpif onn, 
while  the  inner  division,  or  endopodite,  (ct,  &,)  not  only 
corresponds  with  one  of  the  ambulatory  limbs,  bnt  in  the 
posterior  mazillipede  (Fig.  71,^  F)  very  closely  resembles 
one,  and  contains  the  same  nnmber  of  joints.  In  the  next 
maxillipede,  however  (Fig.  71,  E),  the  endopodite  is  pro- 
portionally shorter,  and  in  texture  and  form  rather 
approaches  the  f oUaceous  endopodite  of  the  anterior 
mazillipede  (Fig.  71,  D),  in  which  a  flat  plate  is  applied  to- 
the  posterior  surface  of  the  slender  exopodite.  A  perfect 
transition  is  thus  produced  between  the  corresponding 
divisions  of  the  second  maxillipede  and  of  the  second 
maxilla. 

The  intermaxillary  apodemo,  or  that  developed  from  the 
connecting  membrane  of  the  two  maxillary  somites,  is  very 
remarkable  for  its  steutneas  and  for  the  great  size  and 
expanded  form  of  the  mesophragmal  processes,  which  unite 
into  a  broad  plate,  whence  prolongations  are  sent  forwards 
and  outwards,  in  front  of  the  tendon  of  the  great  adductor 
mandibuUB  muscle  on  each  side.  These  prolongations  appear 
to  be  the  calcified  postmor  horizontal  apophyses  of  the 
mandibulo-maxillaiy  apodeme,  which  elsewhere  remains 
membranous. 

The  second  maxilla  (Fig.  71,  0)  much  resemUes  the  an- 
terior maxillipede,  but  the  epipodite  (<2)  and  exopodite  (e) 
appear  to  be  combined  into  a  wide  oval  plate,  the  seapho- 
gnathite,  of  which  mention  has  already  been  made.*  In  the 
first  maxilla  (Fig.  71,  B)  the  epipodite  and  exopodite  appear 
to  be  undeveloped,  and  the  joints  of  the  endopodite  are 
completely  f oliaceous.     The  somite  which  supporte  the 

*  Until    the   development    of     of  the  homologies  of  their  p«rts 
these     appendages     luts     been      mast  be  regiaded  as  provisional. 
worked   out,  the   determinatioa 


▲8TACI78  VZiVTIAXILIS.  313 

mandibleB  is,  to  a  great  extent,  membraaonB  in  ite  sternal 
region ;  it  is  united  with  the  corresponding  region  of  the 
first  maxillary  somite,  itself  represented  merely  by  a 
narrow,  distinctly  calcified,  band,  in  front  of  the  second 
maxillary  sternum,  by  membrane  only.  In  this  mem- 
branoos  space  the  elongated  apertore  of  the  mouth  is 
sitaated. 

On  each  side  of,  and  behind,  the  mouth  are  two  little 
elongated  oval  calcified  plates,  between  which,  an  oval 
process,  setose  at  its  extremity,  proceeds  downwards  and 
forwards,  and  lies  in  close  apposition  with  the  posterior 
face  of  the  mandible  of  its  side.  This  is  one-half  of  what 
is  termed  by  most  authors  the  labium,  bat,  to  avoid  con« 
fusion  with  the  labium  of  Insedct,  from  which  it  is  wholly 
different,  it  may  be  called  the  metastoma  (Fig.  72,  /).  It 
obTiously  answers  to  the  structure  so  named  in  the  Cope- 
poda. 

The  mandibles  fill  up  a  large  space  in  the  sternal  mem- 
brane, with  which  their  edges  are  continuous  on  each  side 
of  the  oral  aperture ;  externally,  the  sternal  membrane  bends 
suddenly  downwards  into  the  pleural  ridge,  continuous  with 
the  branchiostegite  of  the  carapace,  and  becomes  calcified ; 
while,  anteriorly,  it  is  vexy  difficult  to  say  where  the  mandi- 
bular stemom  terminates.  In  front  of  the  mouth  the 
sternal  membrane  becomes  developed  into  a  large  median 
lobe,  containing  three  small  calcified  plates  on  each  side 
of  the  middle  line.    This  is  the  labrum  (Fig.  72,  e). 

The  mandible  itself  (Fig.  71,  A)  is  thick  and  strong  at  its 
inner  end,  where  it  is  divided  by  a  deep  excavation  into  an 
upper  and  a  lower  portion,  (a,  b,)  the  edge  of  each  being 
toothed.  The  outer  division  of  the  mandible  extends  along 
the  whole  width  of  the  somite,  and  tapers  to  its  extremity, 
which  presents  an  articular  head,  the  outer  condyle. 
Attached  to  its  anterior  margin  is  the  palp(o),  which 
represents  the  terminal  jointa  of  the  mandibular  endo- 
podite.  The  exopodite  and  the  epipodite  have  no  re- 
presentatives in  this  appendage.  Superiorly,  the  outer 
portion  of  the  mandible  is  concave,  and  its  posterior  edge 
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gives  attachment  to  tlie  calcified  t«udon  of  the  addnctor 
maiidibuUe(<I). 

In  front  of  the  lahnun  and  mandibles  is  a  wide,  some- 
what pentagonal  area,  prolonged  into  a  point  in  the  middle 
line  forwards,  and  presenting  a  small  spine  on  each  aide; 
this  is  the  ^istoma  (Fig.  72,  B,  I),  and  it  is  chiefly,  if  not 
entirely,  fonued  bj  the  Btemnm  of  the  antennaij  somite. 
On  each  side  of  ita  triaBgular  ulterior  extremity  it  pre- 
Flg.  7i. 


Fig.  11.— A.  Antwiot  extremity  of  tbs  oephklo- thorn  of  Aitaau, 
with  ■  portion  of  thioftnpsce  remoTcd.  B.  Verlicmt  uotionof  the 
anterior  part  of  the  oepoilu-thonx.  a,  roitrum ;  b,  ophthalmic 
peJunalu;  c,  autannuln ;  d,  antcnue  ;  c,  labrura  ; /,  m  ' 
r  ___._...'_ ,   ._. .    --h.l'nilo 


g,  oral  aperture ;  k,  prooeph^o  pio    .  .  _ ,   , 
>,'aiil<Duular7  itemum ;  i,  antaoiiarj'  •temun 


Bents  a  wide  articnlar  cavitj  for  the  artionlation  of  the 
antenna.  In  theee  organs  (Fig.  72,  B,  d)  the  same  parte 
can  be  recognised  as  in  the  other  appendages,  viz.,  an 
imperfect  basal  joint,  prodneed  into  a  prominent  cone, 
perforated  behind  and  internal  to,  its  apex;  and  b^te 
called  eoaoceriia.  Next,  a  boneertte,  to  the  outer  portion 
of  which  a  flatt«ned  plat«,  the  representative  of  the 
exopodiU,  and  here  called  the  teaphocerite,  is  articulated; 
while  to  its  inner  portion  an  ieehweeriU  is  conneot«d, 
bearing  a  tneroeerUe  and  earpoeerite,  while  the  last  segment, 
orprocaite,  consists  of  a  long  multi.articDlat«  filomoat. 

The  stoma  of  the  next  two  somites  are  narrow  and  elon< 
gated ;  that  of  the  ant«nnar7  somite  is  well  calcified,  bat 
that  of  the  ophthalmia  somite  is  almost  entirely  mem- 
branous. 


ASTACVS  PLUVIATILIS.  315 

The  aniennnles  (Fig.  72,  B,  e)  present  an  enlarged  trigonal 
basal  joint,  succeeded  bj  two  others.  These  represent  the 
protopodite,  and  carry  at  their  extremities  two  many-jointed 
filaments,  which  probably  represent  the  exo-  and  endopo- 
dites. 

The  peduncles  of  the  eyes  (Pig.  72,  6),  lastly,  are  composed 
of  two  joints,  a  small  proximal  boMophihalmite,  and  a  larger 
terminal  podoph&iahnite. 

Such  are  the  structure  and  arrangement  of  the  sternal 
portions  of  the  sereral  cephalo*thoracic  somites,  and  the 
nature  of  their  appendages.  On  regarding  the  sternal 
region  as  a  whole,  there  are  yet  some  very  important 
points  (the  morphological  value  of  which  has  been  fully 
pointed  out  by  Milne-Edwards)  to  be  noticed.  A  longi- 
tudinal median  section,  in  fact,  shows,  that  while  a  line 
drawn  through  the  sterna  of  the  somites  behind  the  mouth 
is  nearly  straight  and  parallel  with  the  axis  of  the  body,  a 
similar  line  drawn  through  the  sterna  of  the  somites,  in 
front  of  the  mouth,  ascends  as  it  passes  through  the 
antennary,  antennulary  and  ophthalmic  sterna,  and  thus 
takes  a  position  at  right  angles  to  the  former  line  (Fig.  72, 
B).  The  sterna  of  the  somites,  in  front  of  the  mouth,  are, 
therefore,  bent  up  so  as  to  look  forwards  instead  of  down- 
wards ;  and  it  is  of  essential  importance  to  bear  in  mind 
this  cephalic  flexure,  in  considering  the  structure  of  the 
head  in  these  and  other  Arthropoda. 

Just  as  the  lateral  regions  of  the  abdominal  somites  are 
produced  into  the  plewa,  so  are  the  lateral  regions  of  the 
cephalo-thorax  similarly  prolonged.  Thus  the  membranous 
lateral  walls  of  the  posterior  cephalo-thoracic  somite  are 
reflected  superiorly,  and  bent  down  again  to  the  level  of 
the  bases  of  the  legs,  where  they  become  continuous  with 
a  calcified  layer  corresponding  with  the  tergal  half  of  the 
pleura,  and  forming  the  posterior  part  of  the  carapace.  In 
like  manner,  the  more  or  less  calcified  epimera  of  all  the  other 
sondtes  are  reflected  superiorly  into  a  membrane  which 
passes  downwards,  and  the  free  lower  edge  of  which  is  con- 
tinnouB  with  the  edges  of  the  carapace.     The  carapace. 
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therefore,  correepondB  in  positiozL  with  the  terga  and  tergal 
halves  of  the  pleura  of  all  the  somites  which  are  thus 
reflected  into  it,  and  these  somites  include  all,  without 
exception,  from  the  lajst  thoracic  to  the  ophthalmic.  Pos- 
teriorly, the  edges  of  the  carapace  are  a  little  prolonged 
beyond  the  last  thoracic  somite,  and  take  the  form  of  a 
fold,  with  an  under  layer  distinct  from  the  upper.  An* 
teriorly,  in  the  middle  line,  the  carapace  is  prolonged  in  a 
similar  manner,  but  to  a  much  greater  extent;  it  thus 
gives  rise  to  the  long  rodrwm,  which  oYerhangs  the 
sterna  of  the  ophthalmic  and  antennulary  somites.  At 
the  sides  of  the  antennulary  and  antennary  somites  the 
rostral  prolongation  of  the  carapace  is  the  direct  con« 
tinuation  outwards  of  the  epimera  of  those  somites,  and 
there  is  nothing  to  be  compared  to  an  apodeme ;  but  the 
sternum  of  the  ophthalmic  somitoi  after  giving  off  the 
lamella  which  forms  the  inf eromedian  region  of  the  rostrum, 
is  prolonged  on  each  side  of  the  middle  line  backwards  and 
outwards  into  a  free,  expanded,  thin,  calcified  process,  which 
applies  itself  against  the  carapace  by  its  upper  surface,  and 
by  its  under  surface  gives  attachment  to  the  anterior  gastric 
muscles.  Corresponding  processes  are  developed  from  the 
carapace  itself,  in  some  PodopkUudmid  (e.  g.  Ocdathea,  Car^ 
eintui),  for  the  attachment  of  the  posterior  gastric  muscles. 
From  the  last  thoracic  to  the  maxillipedaiy  somites,  the 
pleural,  or  free  part  of  the  carapace,  termed,  from  its 
function,  the  hranchiodegite,  or  cover  of  the  gills,  encloses 
a  wide  space,  bounded  internally  by  the  epimera  of  the 
somites.  This  is  the  hraTichial  chamber.  In  front  of  the 
maxiLlipedes  and  cervical  fold,  however,  the  chamber  sud- 
denly becomes  narrowed  by  the  rapid  widening  of  the 
sterna  of  the  maxillary  and  mandibular  somites,  and  by  the 
lowering  of  the  point  at  which  the  reflection  of  their 
epimera  into  their  pleura  takes  place.  Finally,  on  the 
antennary  somite,  and  in  front  of  it,  the  pleuron  becomes 
a  mere  fold  separated  by  a  shallow  groove,  the  represen- 
tative of  the  branchial  chamber,  from  the  epimera. 
On  the  dorsal  surface,  there  is  no  indication  of  any  division 
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df  the  carapace  into  terga  corresponding  with  the  etema  of 
the  Boniites,  but  it  is  marked  by  a  w^-defined,  cnryed 
groove,  the  posterior  conyezitj  of  which  extends  across  the 
carapace,  rather  behind  its  middle,  and  the  lateral  portion 
of  which  rons  downwards  and  forwards,  towards  the  anterior 
part  of  the  antennary  stemnm.  This  is  the  cervical  groove ; 
that  part  of  the  carapace  which  lies  in  front  of  it  is  the 
eephalodegUey  while  that  which  is  behind  is  the  omoelegUe. 

The  omostegite,  again,  is  divided  into  three  portions  by 
a  groove  on  each  side  of  the  middle  line — ^the  branchiO' 
eardujic  grooves.  The  branchiocardiac  groove,  and  the 
lateral  portion  of  the  cervical  groove,  on  the  dorsnm  of  the 
carapace,  correspond  very  closely  with  the  line  at  which 
the  epimeral  is  reflected  into  the  pleural  membrane,  on  its 
ventral  surface.  The  transverse  portion  of  the  cervical 
groove,  on  the  other  hand,  corresponds  with  the  posterior 
boundary  of  the  stomach,  and  the  anterior  exti*emity  of 
the  heart,  and  continues  inwards  the  line  of  the  cervical 
fold;  so  that,  in  a  longitudinal  section  of  an  Adacua,  the 
direction  of  the  cervical  fold,  if  followed  upwards  and 
bai^wards,  strikes  against  the  inner  surface  of  the  cara- 
pace, at  a  point  corresponding  with  the  summit  of  the 
cervical  groove,  on  its  outer  surface.  By  cutting  through 
the  cervical  fold,  therefore ;  through  the  membrane  joining 
the  second  maxillary  with  the  first  maxilHpedary  sternum ; 
and  through  the  carapace  in  the  transverse  part  of  the 
cervical  groove,  it  is  possible  to  separate  an  anterior  portion 
of  the  cephalo-thorax,  containing  the  whole  of  the  cephalo- 
stegite,  and  the  first  six  somites,  with  their  appendages, 
from  a  posterior  portion,  consisting  of  the  omostegite,  and 
the  last  eight  eephalo-thoracic  somites.  And,  in  making 
this  artificial  separation,  we  should  be  merely  carrying  out 
a  distinction  between  these  two  sets  of  somites,  already 
very  clearly  indicated  by  the  cervical  fold  and  groove. 

It  is  for  this  reason  that  I  differ  from  Milne-Edwards  in 
regarding  the  somite  which  bears  the  first  maxillipedes  as 
the  first  of  the  thorax,  and  not  as  the  last  of  the  head. 
And  the  acceptance  of  this  natural  delimitation  of  the 
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head  in  the  higher  Chtutacea,  has  the  advantage  of  bringing 
its  structore  into  accordance  with  that  of  the  same  region 
in  the  Entomostraca,  in  which  it  is  the  mle  that  the  bead 
possesses  eyes,  antennnles,  antenna,  mandibles,  and  two 
pairs  of  mazilke. 

Another  mark  npon  the  carapace  is  a  large  and  rounded 
convexitj,  occupying  nearly  a  third  of  the  whole  width  of 
the  posterior  half  of  tbe  oephalostegite.  This  impression 
is  bounded  internally  by  a  line  drawn  from  the  outer  angle 
of  the  base  of  the  rostrum,  directly  backwards ;  and,  exter- 
nally by  a  curved  depression,  deepening  into  a  pit  ante- 
riorly ;  it  corresponds  with  the  attachment  of  the  base  of 
the  adductor  muscle  of  the  mandible. 

The  mouth  of  the  Crayfish  is  a  wide  aperture,  situated 
between  the  labrum  in  front,  the  metastoma  behind,  and 
the  mandibles  on  each  side.  It  serves  as  the  entrance  to 
an  equally  wide  oasophagus,  a  short  tube  with  plaited 
walls,  which  takes  a  slightly  curved  direction  upwards  and 
a  little  backwards,  to  open  into  the  large  stomach,  which  is 
not  only  situated  directly  over,  but  extends  forwards  in 
front  of,  the  gullet.  The  stomach,  in  fact,  occupies  almost 
the  whole  cavity  of  the  body  in  front  of  the  cervical 
suture,  and  is  divided  by  a  constriction  into  a  large  anterior 
moiety,  the  cardiac  division,  and  a  small  posterior,  pyloric 
portion.  The  anterior  half  of  the  cardiac  division  has  the 
form  of  a  large  membranous  bag,  the  inner  surface  of 
which  is  closely  set  with  minute  hairs ;  but,  in  the  posterior 
half  of  this,  and  on  the  wbole  of  the  pyloric  division,  the 
walls  of  the  stomach  are  strengthened  by  a  very  pecidiar 
arrangement  of  uncalcified  and  oaioified  plates  and  bars 
articulated  together,  which  are  thickenings  of  the  (^tinous 
cuticula  of  the  epithelium  of  the  alimentary  csnal,  and 
constitute  the  gastric  skeleton.  The  most  important 
part  of  this  apparatus  is  that  which  is  developed  in  the 
posterior  cardiac  region. 

It  consists,  in  the  first  place,  of  a  transverse^  slightly 
arcuated  cardiac  plate  (Fig.  73,  oa),  calcified  posteriorly, 
which  extends  across  the  whole  width  of  the  stomachi  and 
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articulates  at  each  extremity  by  an  oblique  suttire  witb  a 
small  curved  triangular  wntero-UUeral  or  pteroearcUac  (pt) 
oaside.  On  each  side,  a  large,  elongated  po0^o-2a^aZ  or 
aygoeardiac  ossicle  {se)  wider  posteriorly  than  anteriorly, 
is  connected  with  the  lower  end  of  the  antero-lateral  ossicle, 
and,  passing  upwards  and  backwards,  becomes  continuous 
with  a  transverse  arcuated  plate,  calcified  in  its  anterior 
moiety,  and  situated  in  the  roof  of  the  anterior  dilatation 
of  the  pyloric  portion;  this  is  the  pyloric  ossicle  (Fig. 
73,  py). 

These  pieces,  it  will  be  observed,  form  a  sort  of  six-sided 
frame,  the  anterior  and  lateral  angles  of  which  are  formed 
by  moveable  joints,  while  the  posterior  angles  are  united  by 
the  elastic  pyloric  plate. 

From  the  middle  of  the  cardiac  piece  a  strong  calcified 
wroeardiae  process  {ea')  extends  backwards  and  downwards, 
and,  immediately  under  the  anterior  half  of  the  pyloric  ossicle, 
terminates  in  a  broad,  thickened  extremity,  which  presents 
inferiorly  two  strong  rounded  tuberosities,  or  carddac  teeth. 
With  this  process  is  articulated,  posteriorly,  a  broad  pre- 
pyloric  ossicle,  which  passes  obliquely  upwards  and  forwards, 
in  the  front  waU  of  the  anterior  dilatation  of  the  pyloric 
portion,  and  articulates  with  the  anterior  edge  of  the 
pyloric  ossicle,  thus  forming  a  kind  of  elastic  diagonal 
brace  between  the  urocardiac  process  (oa'),  and  the  pyloric 
ossicle.  The  inferior  end  of  this  pre-pyloric  ossicle  is  pro- 
duced downwards  into  a  strong  bifid  wroeardiac  tooth  (oc). 
Finally,  the  inner  edges  of  the  i>ostero-lateral  ossicles  are 
flanged  inwards  horizontally,  and,  becoming  greatly  thick- 
ened and  ridged,  form  the  large  lateral  carditie  teeth  (cc). 
The  membrane  of  the  stomach  is  continued  from  the  edges 
of  the  pre-pyloric  to  those  of  the  poetero-lateral  ossicle 
in  such  a  manner  as  to  form  a  kind  of  pouch  with 
eUetic  sides,  which  act,  to  a  certain  extent,  as  a  spring, 
tending  to  approximate  the  inferior  face  of  the  pre-pyloric 
ossicle  to  the  superior  face  of  the  median  process  of  the 
cardiac  ossicle. 

The  result  is  that  there  is  a  certain  position  of  equilibrium 
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of  the  whole  apparaitnB,  when  the  nrocardiac  procera  and 
the  pre-i^lorio  oBricle  make  r  email  ai^le  with  one  another. 


Pig.  73.— ^((aeu,— Upper  Figure:  Longitadlud  Section  of  StoBuoh. 
A.  Anterior  gutrla  nmacle.  B.  Focterior  g»ttrio  muteie.  (E.  (£■>- 
pbwui.  P.  Pjlonia.  00.  Csrdiaa  OMicie.  c  a'.ll*  urocardiao  prooeat. 
a e.  Urocardiao  tooth.  /iy.  Pfloriaosside.  Theobliquebar,aitaQd- 
ing  ftvm  the  end  of  the  cirdiic  to  Ibe  pylori o,  is  the  prepjlorlo  MiMe. 
^BtenManliac,  le.  Poatero-ialenl  cardiac,  with  iti  gnat  tooth,  cc. 
I.  Small  inferior  tooth,  c.  Cardlo-pyiorio  tbIto.  t.  Infero-median 
Pjlorio  ridge,  a.  Lateral  pjlorlo  ridge,  d,  Superior  pyloric  ridge. 
■up.  Dro- pyloric  oaaicle.  xjt.  Line  of  aaotion-,  the  anterior  fiMM  cf 
the  poitarior  icgmeal  baing  abown  in  the  lower  flgutfl. 

and  the  antero-lateral  oagiclea  fonn  an  almost  unbroken 
tranBTerse  curre  with  the  cardiac  When  nadiatorbed,  the 
appaiatoB  tends  to  aMome  this  poaition. 
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Two  pairs  of  powerful  miucles  are  atUu)hed  to  this  gas- 
tric skeleton.  The  anterior  pair  arise  from  the  procephaUc 
processes,  and  are  inserted  into  the  roof  of  the  stomach, 
somewhat  in  front  of  the  cardiac  ossicle ;  the  posterior  have 
their  orig^  in  the  carapace  immediately  above  and  behind 
the  pyloric  end  of  the  stomach,  and  their  insertion  into  the 
pyloric  ossicle  and  the  wide  posterior  part  of  the  postero- 
lateral pieces. 

From  the  attachment  of  these  muscles  it  is  clear  that 
their  action  mnst,  in  a  general  way,  resemble  that  produced 
by  pulling  upon  the  cardiac  and  pyloric  pieces  when  the 
stomach  is  removed  from  the  body.  Now  the  result  of  doing 
this  is  that,  the  cardiac  and  pyloric  pieces  being  divaricated, 
the  pre-pyloric  ossicle  assumes  a  vertical  position,  and  the 
aro-cardiac  tooth  turns  downwards  and  forwards.  At  the 
same  time  the  antero-lateral  or  pterocardiac  pieces  are 
pulled  backwards,  and,  owing  to  their  oblique  articulation 
with  the  cardiac  piece,  their  inferior  ends  move  down- 
wards, backwards,  and  inwards,  carrying  with  them  the 
anterior  ends  of  the  postero-lateral  pieces,  the  teeth  of 
which  (lateral  cardiac)  come  into  contact  with  the  uro- 
cardiac  and  cardiac  teeth,  with  a  force  proportional  to  that 
exerted  in  traction.  On  ceasing  to  pull,  the  apparatus 
returns  to  its  former  position,  its  backward  movement 
being  facilitated  by  the  reaction  of  the  elastic  pouch  men- 
tioned above,  and  being  doubtless  also  assisted,  in  the 
living  state,  by  a  pair  of  small  eardio-pyloric  muscles, 
which  pass,  one  on  each  side,  between  the  cardiac  and 
pyloric  ossicles,  beneath  the  membrane  of  the  stomach,  the 
looseness  of  which,  in  this  region,  where  it  unites  the  various 
ossicles  of  the  gastric  mill,  greatly  assists  the  free  move- 
ment of  the  whole  apparatus. 

Nothing  can  be  more  easy  than  to  perform  the  ex- 
periment, and  to  convince  oneself  that  these  structures  do 
really  constitute  a  most  efficient  masticatory  apparatus; 
and  it  is  surprising  that  Oesterlen,  in  his  elaborate  essay 
on  the  stomach  of  Aaiacua,  should  have  questioned  the 
crushing  action  of  the  teeth. 
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A  great  bilobed  valytQar  process  (Fig.  73,  c)  rises  up  from 
the  sternal  region  of  the  stomach,  opposite  the  cardio-pjloric 
constriction,  and  apparently  prevents  the  food  from  passing 
into  the  pyloric  division  until  it  is  properly  comminuted. 
And,  in  front  of  this  Yalve,  the  inf ero-lateral  parietes  of  the 
stomach  are  strengthened  by  a  number  of  other  plates  and 
bars;  one  of  which  on  each  side  bears  a  small  tooth 
{inferO'lateral  cardiac,  I),  and  is  continued  into  a  broad 
uncalcified  plate,  lying  in  the  hinder  and  lower  part  of 
the  side  walls  of  the'  stomach,  and  covered  with  hairs 
internally.  There  are,  therefore,  altogether  seven  gastric 
teeth,  three  median,  the  cardiac,  and  the  uro-cardiac ;  and 
two  lateral  on  each  side,  the  lateral  cardiac,  and  the  inifero- 
lateral  cardiac. 

In  the  pyloric  division  of  the  stomach  the  food  has  to 
undergo  a  further  series  of  comminutions  and  strainings. 
A  ridge  covered  with  long  hairs  projects  in  the  median 
line  above;  other  hairy  ridges  extend  inwards  from  the 
sides  to  meet  it,  and  nearly  close  the  passage  laterally. 
These  ridges  are  very  convex  inferiorly,  and  their  con- 
vexities  abut  against  the  concavities  of  an  inferior  median 
ridge,  which  rises  up  to  meet  them,  and  is  prolonged 
posteriorly  into  a  sort  of  valvular  process,  covered  at  its 
termination  with  long  hairs,  which  bar  the  space  left 
between  the  upper  parts  of  th«  lateral  ridges.  The 
concave  faces  of  this  median  process  are  covered  by 
close-set  parallel  ridges,  which  only  become  free  hair-like 
processes  at  the  posterior  margin  of  the  plate,  each  ridge 
giving  attachment  to  a  regular  series  of  minute  hairs. 
These  are  directed  inwards  nearly  parallel  with  the  surface, 
which  looks  at  first  as  if  it  were  merely  ruled  with  close-set 
transverse  lines,  connected  by  still  finer  and  closer  longi- 
tudinal ones. 

This  apparatus  constitutes  the  "  ampoule  cartilagineux  " 
of  Milne-Edwards.    Behind  it  there  is  yet  another  infero- 
median,  and  two  lateral  setose,  valvular  prominences,  which 
form  the  last  barrier  between  the  food  and  the  intestine. 
,    Idr.  T.  J.  Parker,  who  has  recently  carefully  examined  the 
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stmctnTe  of  the  stomach  of  the  Gra3rfi8h,*  finds  that,  be- 
sides the  anterior  and  posterior  gastric  and  the  cardio-pjlorio 
muscles,  there  are  intrinsic  fibres  in  the  walls  of  the  stomach, 
some  encircling  the  posterior  pyloric  region,  others  passing 
between  the  hindermost  accessory  ossicle  and  the  postero- 
lateral and  pyloric  pieces;  these  must  tend  to  diminish 
the  cavity  of  the  stomach,  and  the  last-named  fibres  possibly 
assist  in  mastication  by  bringing  the  lateral  cardiac  into 
contact  with  the  infero-lateral  cardiac  tooth.  Moreover 
there  are  nine  pairs  of  minor  extrinsic  muscles,  of  which 
two  pairs  pass  from  the  anterior  wall  of  the  stomach  and 
gnllet  to  the  antennary  sternum,  passing  between  the 
oesophageal  commissures  and  on  either  side  of  the  azyges 
nerve  of  the  visceral  system ;  three  pairs  pass  between  the 
side  walls  of  the  stomach  andcBsophagns  and  the  mandibidar 
sterna ;  a  sixth  pair  arises  from  the  forward  prooesses  of  the 
intermaxillary  apodeme  and  is  inserted  into  the  oesophagus ; 
two  more  pairs  arise,  one  from  the  internal  thickened  edge  of 
the  mandible,  the  other  from  the  intermaxillary  apodeme,  and 
are  inserted  into  the  inferior  surface  of  thepyloric  region;  and 
a  ninth  pair  arises  from  the  carapace  just  behind  the  posterior 
gastric  muscles,  and  goes  to  be  inserted  into  the  posterior 
pyloric  dilat9,tion.  There  are  also  a  few  more  inconspicuous 
fibres  passing  between  the  oesophagus  and  the  neighbouring 
hard  parts.  All  these,  at  least  when  acting  together,  must 
antagonise  the  intrinsic  muscles,  and  dilate  the  stomach. 

The  pyloric  portion  of  the  stomach  passes  into  the  an- 
terior portion  of  the  intestine,  which  is  smooth  internally,  and 
presents  superiorly  a  csecal  process,  the  remains,  according 
to  Bathke,  of  one  lobe  of  the  vitellary  sac  of  the  embryo. 

This  anterior  portion  of  the  intestine  is,  however,  very 
short,  and  almost  immediately  becomes  dilated  into  the 
wider  posterior  division,  which  extends  to  the  anus.  The 
inner  surface  of  the  dilatation  is  produced  into  six  ridges, 
which  are  continued  into  a  corresponding  number  of  series 
of  papillflB  along  the  rest  of  the  intestine. 

^The  only  glandular  apparatus  of  any  kind  which  opens 
*  'Journal  of  AnAtomy  and  Fhyiiology,*  Oei.  1876. 
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into  the  aJimentAry  canal  is  the  liver,  and  the  apertures 
of  the  wide  hepatic  ducts  are  seen  on  each  side  of  the 
pylorus^  Each  duct  conveys  the  secretion  from  the  mul- 
titudinous csecal  tubes,  which  constitute  the  principal  mass 
of  the  corresponding  bilobed  half  of  the  liver.  The  two 
halves  lie  on  each  side  of  the  stomach,  and,  though  thej 
remain  perfectly  distinct  from  one  another,  come  into  close 
oontact  below. 

Asiacus  possesses  neither  salivary  glands  nor  any  oecal 
appendages  to  the  intestine,  such  as  exist  in  the  Brachywra 
and  some  Jfocrura,  unless  the  short  csBcum  just  now 
described  is  the  homologue  of  the  longer  csBca  of  Jfaia  and 
Motnamu, 

In  the  spring  and  summer,  two  very  curious  discoidal 
calcareous  plates,  the  so-called  '*  eyes  "  of  the  Ora3rfi8h,  arc 
found  imbedded  in  the  walls  of  the  dilated  anterior  portion 
of  the  cardiac  division  of  the  stomach,  the  middle  of  the 
lateral  surface  of  which  they  occupy.  These  bodies  com- 
mence as  calcareous  deposits  underneath  the  chitinous  gas- 
trio  lining,  and  increase  in  size  until  the  period  arrives 
at  which  the  Crayfish  casts  its  skin.  They  are  then  cast, 
together  with  this  lining  membrane  and  the  gastric  arma- 
ture; and  it  would  appear  that,  like  the  latter,  they  become 
broken  up  and  destroyed  within  the  new  stomach.  The 
purpose  of  these  concretions  is  not  understood ;  the  ordi- 
nary theory,  that  they  are  stores  of  calcareous  matter,  ready 
to  be  distributed  through  the  young  integument  after 
ecdysis,  appearing  to  be  negatived  by  their  small  size. 
Oesterlen  states  that  they  rarely  weigh  more  than  two 
grains,  and  judiciously  suggests,  that  if  it  be  admitted  that 
the  Crayfish  can  derive  all  the  calcareous  matter  it  requires, 
except  two  grains,  from  other  sources,  it  is  hardly  necessary 
to  look  on  those  two  g^rains  as  a  special  supply. 

The  circulatory  apparatus  of  AeUums  is  well  developed. 
The  heart  (Fig.  74,  C)  has  the  shape  of  an  irregular  poly- 
gon, and  lies  immediately  behind  the  stomach  and  beneath 
the  cardiac  region  of  the  carapace,  in  a  chamber  which  is 
commonly  termed  the  "  pericardium,*'  to  the  walls  of  which 
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i'i%.7*.—A^aau,  LoagiliidiuKl  EeoUon.— I.  II.  III.  Sierna  of  firit, 
•econd,  *nd  third  •omilet.  a.  (Eaophognt.  Hi.  Labrum.  I.  Uel*- 
■UmiB.  G.  Hcmbranoixpiftof theitomuh.  c.CanJIseowlclc.  st. 
PtcmSArdlao.  ut.  Unwardiic.  tL  lateral  oudhu.  p.  Cardio- 
pylorlo  v*Lt«.  p  i.  inferior  pyloric  vmlruln  appantiu.  n.  Anlerior 
KuCric  miucle.  n*.  InreTtian  of  potterlor  guulc  miucle*.  p*- 
rnicephalio  procvuct.    A'.  Up«iuiig  of  hepslio  duct.    v.  Fywric 
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caBcum.  L  k.  Intestine,  p  %,  TettU.  g  »'.  p  n".  Yas  deferens.  G.  Heart. 
a  o.  Ophthalmic  artery,  a  a.  Antenni^y.  ah.  Hepatic.  a«.  Sternal. 
a  p.  Superior  abdominal  artery,  fr.  Ca>ebral  ganglia,  iff.  Asygos 
v£Boeral  nerve. 

it  is  attached  by  six  ligaments,  corresponding  with  the 
alsB  of  the  heart  in  insects,  but  not,  like  them,  mnscolar. 
Except  by  these  ligaments,  and  by  the  arteries,  which  pass 
through  it,  the  walls  of  the  pericardial  cavity,  or  blood  sinus 
(for  such  it  really  is),  are  wholly  unconnected  with  the  heart, 
which  thus  is,  in  a  manner,  suspended  freely  in  the  blood. 

Six  apertures,  two  of  which  are  superior,  two  inferior, 
and  two  lateral,  provided  with  yalves,  which  open  inwards, 
allow  the  blood  to  enter  the  cavity  of  the  heart  during  the 
diastole,  and  prevent  its  egress,  except  by  the  arteries, 
during  the  systole.  The  arterial  trunks  are  six  in  number, 
five  being  given  off  anteriorly,  and  the  other  from  the 
posterior  portion  of  the  heart. 

Of  the  five  anterior  arteries  one,  the  ophthalmic,  is  single, 
and  situated  in  the  middle  line ;  it  passes  forwards  on  the 
stomach  to  the  head,  where  it  supplies  the  eyes  and  anten- 
nules.  The  other  arteries  are  in  pairs;  two  pass  on  the 
stomach  forwards  and  outwards,  giving  off  branches  to  the 
carapace,  and  eventually  supplying  the  antennse ;  the  other 
two  pass  downwards,  between  the  anterior  lobes  of  the 
genitalia,  and  divide  into  a  multitude  of  branches  upon  the 
hepatic  csBca. 

The  posterior.trunk,  or  sternal  artery,  is  the  largest  of 
all,  and  presents  a  sort  of  bulbus  arteriosus  at  its  com- 
mencement. It  turns  almost  directly  downwards,  usually 
on  the  right  side  of  the  intestine,  to  the  sternal  canal,  which 
it  enters,  passing  between  the  antepenultimate  and  pen- 
ultimate thoracic  ganglia  to  the  lower  surface  of  the 
ganglionic  cord ;  it  gives  off  two  abdominal  branches,  one 
superior,  close  to  its  origin  from  the  heart,  which  tra- 
verses the  middle  of  the  tergal  region  above  the  intestine, 
the  other  inferior,  which  takes  a  corresponding  course 
along  its  sternal  region  beneath  the  nervous  system.  The 
arterial  trunks  are  provided  with  valves  at  their  com- 
mencement, so  arranged  as  to  prevent  the  regurgitation 
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of  the  blood.  Thej  ramify  minntelj,  but  how  far  a 
capiUaiy  system  can  be  said  to  exist,  is  a  question  requir- 
ing further  investigation.  In  transparent  Zooms,  I  have 
plainly  observed  the  abrupt  termination  of  the  arterial 
trunks  by  open  mouths,  through  which  the  blood  was  poured 
into  wall-less  lacunas,  and  into  the  general  cavity  of 
the  body ;  nor  can  there  be  the  least  doubt  that  a  similarly 
lacunar  condition  of  the  circulation  exists  in  those  lower 
adult  Crtutaeea,  the  transparency  of  which  allows  of  their 
examination  with  the  requisite  powers  of  the  microscope. 
The  probability  is  that  a  similar  state  of  things  obtains  in 
the  vascular  system  of  all  other  Crugtacea,  and  that,  after 
undergoing  a  greater  or  less  amount  of  subdivision,  the 
arterial  vessels,  or  their  capillary  continuations,  cease  to 
exist,  the  blood  then  making  its  way  into  lacunsB  between 
the. organs,  and  into  the  general  perivisceral  cavity;  and, 
as  in  most  MoUtuca,  ceasing  to  be  contained  in  vessels  with 
distinct  walls. 

The  blood  thus  poured  out,  eventually  makes  its  way  into 
irregular  sinuses  or  reservoirs,  the  chic^  of  which,  lodged  in 
the  sternal  canal,  communicates  by  lateral  channels  with 
others  which  lie  above  the  bases  of  the  thoracic  appen- 
dages, and  from  which  the  afferent  branchial  canals  pass 
into  the  stems  of  the  branchise,  on  the  exterior  faces  of  which 
they  ascend,  giving  off  branches  to  the  lateral  filaments. 
Corresponding  canals  return  the  blood  from  these  filaments 
to  the  efferent  branchial  canals,  ^hich  run  down  the  inner 
side  of  the  branchial  stems,  and  unite  above  the  bases  of 
the  limbs  into  six  trunks,  which  ascend  beneath  the  epimera 
and  open  into  the  sides  of  the  pericardial  sinus.  The  floor 
of  this  sinus  is  formed  by  a  continuous  membrane,  which 
appears  to  shut  it  off  completely  from  the  general  visceral 
cavity  (at  least  it  retains  air  or  fluid  thrown  into  it),  and,  if 
this  be  really  the  case,  it  may  be  said  to  be  functionally  a 
branchial  auricle,  containing  pure  unmixed  aerated  blood. 

The  branchise  are  eighteen  in  number  upon  each  side,  and 
are  attached  from  the  eighth  to  the  fourteenth  somites 
inclusively.    Six  of  these  branchise  are  attached  to  the 
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epipodites  of  the  eighth  to  the  thirteenth  somites,  and  differ 
Teiy  oonsiderablj  in  appearance  from  the  other  twelve. 
Each  epipodite  ia,  in  fact,  expanded  at  its  upper  extremity 
into  a  broad,  bilobed  membrane,  which  is  folded  upon 
itself,  so  that  the  two  lobes  are  directed  posteriorly,  and 
receive  the  epipodite  of  the  next  limb  (Fig.  71,  N).  The 
membrane  of  the  lobes  is  obliquely  plaited,  so  that, 
doubtless,  they  subserve  respiration  to  a  certain  extent ;  but, 
in  addition,  the  anterior  edge  of  the  epipodite  is  beset  with 
a  number  of  branchial  filaments,  similar  to  those  on  the 
other  branchie. 

The  latter  (Fig.  71,  M,/,  g)  are  simple  plumes,  consisting 
of  a  stem,  to  which  are  attached  many  delicate,  cylindrical 
filaments.  Two  of  these  plumes  are  attached  to  the  epimera 
and  coxo-epimeral  articular  membranes  of  the  ninth,  tenth, 
eleventh,  twelfth  and  thirteenth  somites.  They  increase  in 
size  posteriorly.  The  eighth  and  fourteenth  somites,  on 
the  contrary,  only  carry  one  plume.  A  tuft  of  long  byssus- 
like  filaments  is  attached  to  the  coxopodite  of  each  of  the 
last  six  thoracic  appendages  (Fig.  71,  F,  M). 

The  respiratory  organs  of  the  Crayfish,  not  being  pro- 
vided with  cilia,  require  some  special  arrangement  for  the 
renewal  of  the  water  with  which  they  are  in  contact. 
This  object  is  attained  principally  by  the*  action  of  the 
scaphognathite,  which  lies  immediately  behind  the  anterior 
opening  of  the  branchial  chamber  ,*  and,  during  life,  is  inces- 
santly in  motion,  baling  out,  as  it  were,  the  water  which 
has  become  impure  through  the  anterior  opening,  and  thus 
compelling  the  flow  of  fresh  fluid  into  the  branchial  chamber 
through  its  posterior  and  inferior  opening,  constituted  by 
the  space  left  between  the  lower  edge  of  thebranchiostegite 
and  the  bases  of  the  limbs. 

The  nervous  system  of  Astacus*  is  composed  of  thirteen 
principal  ganglionic  masses,  of  which  one,  cerebral,  lies  in 
the  head,  in  front  of  the  mouth ;  six,  thoracic,  are  situated 

*  For  the  histology  of  the  stnicfare  of  the  tinues  of  the 
nervous  system,  see  on  elaborate  Crayfish,  in  the  '  Arohiv  f&r  Ana- 
essay  by  Haeokeli  on  the  minute      tomie,'  1857. 
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in  the  sternal  canal ;  and  six,  abdominal,  He  in  the  median 
sternal  region  of  the  six  anterior  somites  of  the  abdomen. 

The  cerebral  ganglia  (Fig.  74,  h;  Fig.  75,  a)  give  off 
nerres  to  the  ejes  and  to  the  muscles  of  the  ophthalmic 
appendages;  to  the  antemiiiles  and  the  auditory  organs 
which  they  contain ;  to  the  antennsB  and  the  sac  of  the 
antennary  gland ;  to  the  carapace  in  front  of  the  cervical 
sntore;  and  finally  they  send  posteriorly  two  long  and 
stout  commissural  cords  to  the  anterior  thoracic  gangliouic 
mass.    These  commissures  are  connected  by  a  transverse 

Fig.  75. 


Fig.  75. — ^Visceral  nerves  of  Adacu».—a,  Cerebral  ganglia,  b.  Com- 
missures, that  of  the  right  side  is  cut  and  turned  back,  e.  Trans- 
verse cord  uniting  them  behind  the  (esophagus,  GS.  (L  d,  d, 
AjBVgos  nerre.  A.  Ganglion.  t.  Lateral  branch  of  azygos, 
uniting  with  postero- lateral  nerve  ff.  e.  Antero-lateral  nerve. 
/.  Medio-lateraf  nerve.  A.  Hepatic  nerve.  P.  Pyloric.  C.  Cardiac 
portion  of  stomach. 

cord  immediately  behind  the  (esophagus  (Fig.  75,  c).  The 
size  and  form  of  the  anterior  thoracic  ganglion  would  lead 
to  a  suspicion  of  the  complex  nature  which  development 
shows  it  to  possess.  It  supplies  the  somites  and  their 
appendages  from  the  fourth  to  the  ninth  inclusively,  and 
sends  forwards  delicate  filaments  to  the  oesophagus. 

Posteriorly  it  is  connected  with  the  ganglionic  mass  of 
the  tenth  somite  by  two  commissures,  and  the  other  tho- 
racic ganglia  are  similarly  brought  into  communication,  the 
commissures  of  the  ultimate  and  penultimate  only  being 
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remarkable  for  their  brevity.  The  abdominal,  which  are 
much  smaller  than  the  thoracic  ganglia,  are,  with  the 
exception  of  the  last  two,  united  by  eingle  cords,  which 
represent  coalesced  double  commissures.  Each  of  these 
ganglia  supplies  the  muscles  and  the  appendages  of  the 
somite  to  which  it  belongs,  and  the  posterior  abdominal 
ganglion  sends  branches  into  the  telson. 

The  Crayfish  possesses  a  remarkably  well-deyeloped 
system  of  visceral  or  Homatogadric  nerves,  which  has  been 
the  subject  of  special  study  by  Brandt,  Milne-Edwards, 
Krohn  and  Schlemm,  each  of  whom  has  described  a  larger 
or  smaller  portion  of  the  system  with  accuracy,  but  has 
omitted  to  mention,  or  has  denied,  the  existence  of  some 
other  part.  Each  of  the  great  commissures  (Fig.  75,  6), 
as  it  passes  over  the  sides  of  the  oesophagus,  becomes 
slightly  swollen,  and  from  the  enlargement  four  nerves 
arise ;  one,  external,  passes  towards  the  mandibular  muscles  ; 
a  second  postero-lateral  branch  (Fig.  75,  g)  runs  upwards 
and  backwards  to  the  inf ero-lateral  regions  of  the  stomach, 
and  eventually  enters  into  the  composition  of  the  hepatic 
nerve  {Jc) ;  a  third  bi'anch  (/)  turns  directly  inwards  and 
upwards,  and  unites  upon  the  oesophagus  with  its  fellow 
and  with  an  azygos  nerve  (d)  which  passes  up  in  the 
middle  line  of  the  anterior  face  of  the  oesophagus  and 
stomach,  and  enters  a  ganglion  placed  between  the  anterior 
gastric  muscles  (h),  from  whence  a  lateral  branch  is  given 
off  on  each  side,  while  a  posterior  median  branch  (d) 
continues  the  direction  of  the  azygos  nerve.  Having 
reached  the  cardiac  ossicle,  this  nerve  divides  into  two 
branchea  (i),  each  of  which  passes  downwards  and  out- 
wards, unites  with  the  postero-lateral  nerve  of  its  side,  and 
thus  forms  the  hepatic  nerve  (k).  The  fourth  and  last,  or 
antero-lateral  branch  (e)  descends  at  first  to  near  the  mouth, 
and  then  curving  forwards,  ascends  to  unite  on  the 
anterior  face  of  the  oesophagus  with  the  anterior  con- 
tinuation of  the  azygos  nerve,  which  passes  forwards  and 
upwards  and  enters  the  cerebral  mass.  I  am  inclined  to 
think  that  this  part  of  the  azygos  nerve  forms  a  portion  of  a 
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fine  plezns  of  nervons  filaments  wliich  pass  from  the  cerebral 
ganglia  backwards  to  the  lining  membrane  of  the  carapace, 
but  the  dissection  of  these  fine  filaments  and  the  demonstra- 
tion of  their  continuity  is  a  matter  of  no  ordinaiy  difficulty. 

The  intestine  is  supplied  by  two  nerves  which  arise 
from  the  last  abdominal  ganglion,  and  unite  into  a  single 
trunk,  from  which  small  branches  are  given  off  back- 
wards, and  two  principal  ones  forwards,  which  supply  the- 
greater  part  of  the  intestine.  According  to  Brandt,  the 
genitalia  receive  branches  of  the  fourth,  fifth,  and  sixth 
thoracic  ganglia. 

The  only  certainly  known  organs  of  sense  in  AstaeuM 
are  the  eyes  and  the  auditory  organs.  The  eyes  are  seated 
at  the  extremities  of  the  ophthalmic  peduncles,  the  integu- 
ment of  the  outer  extremity  of  which  becomes  translucent 
over  a  renif  orm  space,  and  constitutes  the  corneal  membrane. 
This  membrane  is  divided  into  a  great  number  of  minute 
quadrilateral  facets,  each  of  which  corresponds  with  the 
base  of  a  crystalline  cone.* 

The  upper  face  of  the  trihedral,  proximal,  and  largest 
joint  of  the  antennule  presents  an  oval  space,  covered  by 
a  broad  brush  of  complex  hairs  having  their  points  all 
directed  inwards.  On  cutting  these  haiars  away  close 
to  their  bases,  however,  it  is  seen  that  they  cover  an 
aperture,  wider  above  than  below,  and  about  one-sixteenth 
of  an  inch  long.  The  hairs  are  attached  to-  the  outer  lip  of 
this  aperture,  and  some  are  directed  so  as  to  lie  within 
the  inner  Hp,  but  the  majority  cover  it.  A  good-sized 
bristle  passes  with  great  ease  into  this  aperture,  and  if 
the  inner  and  outer  walls  of  the  basal  joint  of  the 
antennule  be  now  removed,  and  the  soft  parts  carefully 
dissected  away,  the  end  of  the  bristle  wiU  be  seen  to  have 
passed  into  a  wide  delicate  sac  about  one-twelfth  of  an 
inch  long,  which  is  attached  by  a  narrower  neck  round  the 

*  Mr.  E.  T.  Newton'8  oaref^l  1875,  to  which  I  have  referred 

deflcription    of  the  eye   of  the  above,  may  be  taken  aa  a  guide 

Lobster  in  *  The  Quarterly  Jour-  to  the  study  of  the  minute  struo* 

nal  of  Microscopical  Science '  for  ture  of  the  eye  in  the  Crayfish.  - 
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aperture,  the  lips  of  which  are  continuous  with  its  walls. 
The  sac  is  filled  with  minute  sandy  particles,  suspended 
in  a  mucous,  dirty-looking  fluid,  and  when  emptied  of  these 
contents  a  band,  consisting  of  several  lines  of  very  fine 
hairs,  like  those  which  g^ard  the  mouth  of  the  sac,  but 
more  delicate,  is  seen  to  skirt  its  inner  contour.  The 
hairs,  projecting  inwards,  come  into  dose  contact  with  the 
solid  particles  suspended  in  the  mucous  fluid. 

A  nerve  may  be  traced  accompanying  the  antennulary 
nerve  to  the  sac,  and  appears  to  be  distributed  principally 
along  the  setigerous  band,  so  that  the  extremities  of  the 
nerve  fibrils  come  into  close  relation  with  the  bases  of  the 
hairs.  Some,  if  not  all,  of  the  sandy  particles  are  insoluble 
in  strong  acetic  acid,  and  would  appear  to  be  silicious.* 

Two  glandular  sacs  commonly  known  as  the  green  glands, 
which  were  formerly  regarded  as  the  auditory  organs, 
lie  in  the  cavity  of  the  head.  An  aperture  is  visible  on 
the  inner  or  oral  side  of  a  conical  prominence,  upon 
the  inferior  portion  of  the  coxal  joint  of  the  antenna.  A 
bristle  passed  into  this  aperture  enters  a  large  but  very 
delicate  and  transparent  sac,  filled  with  a  clear  fluid, 
which  is  usually  conspicuous  on  each  side  of  the  anterior 
end  of  the  stomach,  when  the  carapace  is  carefully 
removed.  A  nerve  which  comes  off  from  the  cerebral 
mass  close  to  the  antennary  nerve,  passes  to  the  neck  of 
this  vesicle,  and  is  distributed  over  its  surface  between  the 
outer  and  inner  membranes,  of  which  it  is  composed. 
Inferiorly  the  vesicle  rests  upon  a  large  greenish  ap- 
parently glandular  mass,  but  is  directly  connected  with 
the  latter  only  at  two  points,  firstly  by  a  vascular  cord, 
which  passes  to  the  central,  and  lusiually  more  yellow 
portion  of  the  gland,  and  secondly  by  a  short  neck-like 
continuation  of  the  sac  itself,  wldch  is  attached  over  a 
small  circular  space,  midway  between  the  centre  and  the 
periphery  of    the    gland,  and    opens    into  the    circular 

*  See  for  a  full  account  of  the  Hensen's  '  Studien  iiber  das 
minute  structure  of  the  auditory  GehOrorgan  der  Decapoden,* 
oigans  in  the  higher  Crustacea,       1863. 
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principal  duct  of  the  gland.  There  is,  therefore,  a  free 
communication  between  the  cavity  of  the  gland  and  the 
exterior  bj  means  of  the  sac,  which  is,  in  this  respect, 
simply  a  dilated  duct.  A  section  of  the  gland  shows  it  to 
be  composed  of  two  substances,  a  central  and  a  cortical. 
The  latter  is  composed  of  minute  ceca,  filled  with  a 
homogeneous  gelatinous  matter,  containing  many  large 
nuclei ;  the  former  is  traversed  in  all  directions  by  large 
canals,  so  as  to  have  a  spongy  appearance.  The  csca 
open  into  the  ultimate  ramifications  of  the  canals,  and  the 
spongy,  lung-like  texture  of  the  central  mass  seems  to  arise 
merely  from  the  very  free  a)iastx)mosi8  of  their  la.rger 
branches,  which  eventually  enter  the  circular  canal  which 
communicates  with  the  vesicle. 

There  is  little  in  these  structural  features  to  suggest  an 
organ  of  special  sensation,  but  much  to  show  that  the 
green  mass  is  a  secreting  organ,  and  that  the  vesicle  acts 
(whatever  other  purposes  it  may  subserve)  as  its  duct. 
In  all  probability  the  green  gland  is  an  organ  of  the  same 
nature  as  the  shell  gland  of  the  EjUomodrtioa, 

Leydig  haa  attributed  an  olfactory  function  to  certain 
groups  of  delicate  setee  which  occur  on  the  joints  of  the 
outer  division  of  the  antennule  of  the  Crayfish. 

The  most  remarkable  part  of  the  muscular  system  of  the 
Crayfish  is  the  great  extensor  muscle  of  the  abdomen, 
a  complex  mass  of  fibres  which  is  attached  in  part  to  the 
endophragms  of  the  thorax  in  front,  and,  behind,  to  the 
sterna  of  the  abdominal  somites,  a  large  part  of  the  cavity 
of  which  it  occupies.* 

The  essential  parts  of  the  reproductive  organs  in  the  male 
and  female  Aatacus  are  very  similar  to  one  another  in  form, 
both  ovarium  and  testis  having  the  figure  of  a  trilobed 
gland,  situated  immediately  behind  the  stomach,  and  below 
the  heart.    Two  of  the  lobes  are  applied  together,  and  pass 

*  For    details,    see    Snckow,  Lobster  at  length  in  the  'Uis- 

'  Anatomisch-Physiologiscbe  Un-  toire    naturelle   des   Crustac^s,* 

tenuchungen.'     Miiiie-£dwards  torn.  i. 
has  described  the  muscles  of  the 
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forwards;  the  otlier  lobe  is  directed  in  the  middle  line 
backwards.  The  ducts  take  their  origin,  one  on  each  side,  at 
the  junction  of  each  antero-lateral  with  the  posterior  lobe. 

In  minute  structure,  however,  the  two  organs  differ  widely. 
Each  lobe  of  the  testis  is  composed  of  a  number  of  small 
cseca,  in  which  the  spermatozoa  are  developed,  and  which 
open  into  a  central  duct.  The  oyarium,  on  the  other  hand, 
is  essentially  a  wide  sac,  produced  into  three  large  caeca, 
each  of  which  corresponds  with  a  lobe;  and  the  ova  are 
developed  in  the  epithelial  lining  of  the  sac.  The  efferent 
ducts,  again,  have  little  resemblance,  the  oviducts  being 
short,  wide  tubes  which  open  on  the  coxopodites  of  the 
antepenultimate  thoradc  appendages,  while  the  vasa  def  e- 
rentia  are  canals  as  long  as  the  body,  at  first  very  narrow, 
but  afterwards  widening,  which  lie  coiled  up  on  either  side 
of  the  posterior  part  of  the  thoracic  cavity,  where  their 
white  contents  make  them  very  conspicuous  (Fig.  74,  gn*). 
Eventually,  they  open  on  the  coxopodites  of  the  posterior 
thoracic  appendages. 

The  spermatozoa,  like  those  of  many  other  Crtutcieea, 
are  motionless,  and  have  the  form  of  cells,  provided  with  a 
nucleus  and  produced  into  several  delicate  radiating  pro- 
cesses. They  are  united  in  their  course  down  the  vas 
deferens  into  cylindrical  masses,  which  becoming  invested 
by  a  fine  membranous  coat,  probably  secreted  by  the  walls 
of  that  duct,  constitute  the  spermatx)phores,  which  may  not 
unfrequently  be  found  adhering  to  different  parts  of  the 
body,  not  only  of  female  but  of  male  Crayfish. 

The  ova  are  fecundated  while  still  within  the  parent; 
they  become  surrounded  in  their  passage  down  the  oviduct, 
by  a  coat,  corresponding  with  that  of  the  spermatophore, 
which  is  produced  into  a  pedicle,  the  extremity  of  which 
becomes  attached  to  one  or  other  of  the  abdominal  appen- 
dages. Great  numbers  of  ova,  attached  in  this  way,  may 
be  observed  during  the  breeding- season,  within  the  incuba- 
tory chamber  formed  by  the  flexure  of  the  abdomen  upon 
itself;  and  it  is  in  this  cavity  that  the  embryos  pass 
through  the  whole  of  their  f  oatal  existence. 
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The  development  of  the  Orajfish  has  been  the  subject  of 
one  of  the  most  beautiful  of  the  many  admirable  memoirs 
on  development,  for  which  we  are  indebted  to  the  genius 
and  patience  of  Bathke.^  After  fecundation  a  blastoderm 
arises  upon  the  surface  of  the  yelk,  and  gradually  extending 
over  the  whole  yelk,  becomes  thickened  at  one  part,  so 
as  to  form  an  oval  gei-minal  disk,  with  a  central  depres- 
sion. 

This  disk  next  becomes  widened  andbilobedatits  anterior 
extremity,  the  lobes  being  identical  with  the  procephalic 
lobes,  to  be  hereafter  described  in  the  embryo  of  Myns, 
The  edges  of  the  disk  are  raised  into  a  fold,  and  within 
the  fold  a  papilla,  the  rudiment  of  the  abdomen,  and  of 
the  greater  part,  if  not  of  the  whole  of  the  thorax,  makes 
its  appearance,  while,  anteriorly,  three  pairs  of  transverse 
elevations  constitute  the  rudiments  of  the  antennules, 
the  antennsB,  and  the  mandibles.  The  labrum  arises  as 
a  median  papilla,  situated  at  first  between  the  antennules. 
The  ocular  peduncles  are  next  developed  in  front  of  the 
antennules  as  ridges,  whioh  only  subsequently  become  free 
processes. 

The  thoracico-abdominal  process  lengthens,  and  the  anal 
ai>erture  makes  its  appearance.  It  is  to  be  remarked,  that 
the  anus  is  at  first  situated  on  the  dorsal  side  of  the  ex« 
tremity  of  the  abdomen,  and  that  there  is  no  telson.  This 
is  developed  only  at  a  much  later  period  from  the  dorsum 
of  the  end  of  the  abdomen ;  and,  by  its  outgrowth,  forces 
the  anus  to  the  ventral  side  of  the  body. 

I4  the  meanwhile,  the  oral  aperture  is  developed  behind 
the  labrum,  which  moves  backwards;  while  the  maxillsB, 
maxiUipedes  and  ambulatory  feet  appear  in  succession  as 
elevations  or  ridges  of  the  substance  of  the  embryo,  which 
are,  at  first,  all  alik«^  and  gradually  become  specialised  into 
their  ultimate  forms. 

*  'Ueber    die    Bildun^    und  Brochet   de   In    Perche   et    de 

Entwickelang  det  Flusskrebses,'  rEoreyisse/  1862 ;   and  the   ao- 

fid.    29.     See  also  LerebouUet,  countof  Bobrettky'sretearcheBSn 

*  Beoherohes  d'embr>ologie  com-  Hofmaiin  and  Schwalbe,  *  Jahrei- 

par^  sur  le  d^veloppement  da  berichc' for  1873(1875). 
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When  these  appendages  first  appear,  the  maxills  ajid 
first  pair  of  maxillipedes  are  attached  to  the  embryo  in 
front   of   the   thoracico-abdominal   process,    the    second 
maxillipedes   lie  in  the   angle   between   them,  and   the 
third  maxillipedes  and  following  appendages  are  attached 
to  the  sternal  surface  of  the  thoracico-abdominal  process 
itself ;   and,  as  this  process  is  at  first  bent  forwards  npon 
the  rest  of   the  germ,  it  follows    that  the    appendages 
attached  to  it  look  upwards,  while  those  attached  to  the 
anterior  part  of  the  embryo  look  downwards.    As  develop- 
ment proceeds,  however,  the  embryo  gradually  straightens 
itself;  more  and  more  of  the  anterior  part  of  the  thoracico- 
abdominal  process  becoming  continuous  in  direction  with 
the  anterior  part  of  the  embryo ;  until,  at  length,  the  whole 
of  the  cephalo-thoracic  i>ortion  forms  a  convex  surface, 
parallel  with  the  vitellary  membrane,  only  the  abdomen 
remaining  bent  upon   the  cephalo-thorax.     The   middle 
portion  of  the  carapace  is  formed  by  the  continuous  calci- 
fication of  the  dorsal  walls  of  the  cephalo-thorax  of  the 
embryo^   Its  pleura  are  developed  as  two  distinct  folds,  one 
of  which,  the  rudiment  of  the  branchiostegite,  encircles  the 
embryo  posteriorly,  and  extends  forwards  on  each  side  as  far 
as  the  mandibles;  while  the  other,  the  rudiment  of  the 
rostrum,  and  anterior  cephalic    pleura,  is   developed   in 
front  of  the  eyes,  and  extends  on  each  side  to  meet  the 
former.    Rathke's  clear  account  of  this  matter  is  in  perfect 
accordance  with  what  I  have  observed  in  MysUj  and  shows 
conclusively  that  the  carapface  is  not  developed  from  any 
one  or  two  somites    in  particular,  but  that   its   tergal 
poi-tion  corresponds  with,  and  is  formed  by,  the  tei<ga  of 
all  the  cephalo-thoracic  somites,  while  the  branchiostc^tes 
and    rostrum   are    developments  of  the  lateral   portions 
of   all  these   somites;    in    fact,    represent   their   pletira, 
which,    like   the   terga,    are    connate   and   continuously 
calcified. 

The  appendages  are  thus,  at  first,  similar  to  one  another, 
and  each  consists  of  a  ridge  which  eventually  takes  the  form 
of  a  plate,  free  at  the  outer  end,    This  plate,  in  aU  the 
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membera,  except  the  ophihaliaic  pedondea  and  the  man* 
dibles,  then  becomes  bilobed  externallj,  the  inner  lobe  re- 
presenting the  endopodite,  while  the  outer  is  the  represen- 
tativ^e  of  the  exopodite  and  epipodite.  The  two  latter, 
when  they  are  independently  developed,  become  separated 
by  the  division  of  the  outer  lobe.  The  gills  arise  partly  as 
ontg^wths  from  the  epipodites,  partly  as  distinct  processes 
from  the  parts  to  which  they  are  eventually  attached.  The 
division  of  the  limbs  into  articulations  takes  place  from 
their  distal  towards  their  proximal  ends.  The  heart  appears 
late,  at  the  posterior  extremity  of  the  cephalo-tjiorax,  and 
therefore  behind  the  yelk  sac. 

The  nervous  system  of  the  post-oral  portion  of  the  ce- 
phalo-thorax  consists  at  first  of  eleven  pairs  of  g^glia, 
corresponding  with  the  mandibles,  maxillsB,  maxillipedee, 
and  ambulatory  legs.  The  six  anterior  post-oral  ganglia 
of  each  side  soon  coalesce  in  pairs,  so  as  to  form  as  many 
single  ganglia;  and  of  these  the  four  anterior,  namely,  the 
maadibalar,  the  two  maxillary,  and  the  first  maxillipedary 
ganglia,  unite  into  a  single  mass ;  the  two  hinder  g^glia. 
that  is  to  say,  those  of  the  second  maxillipedary  somite, 
next  coalesce  in  the  same  way,  and  it  is  only  subsequently 
that  the  two  masses  thus  formed  become  fused  into  the 
single  anterior  post-oral  ganglion  of  the  adult.  The  other 
ganglia  not  only  remain  separate,  but  become  wider  apart 
with  advancing  age.  A  ridge  on  each  side  of  the  oosophagns 
at  first  represents  the  cerebral  ganglion  and  the  com- 
misaoral  cords,  the  latter  being  developed  out  of  the  pos- 
terior part  of  the  ridge,  and  the  former  from  its  anterior 
portion.  The  cerebral  ganglia  are  at  first  two  on  each  sid^ 
but  the  posterior,  whence  the  nerves  to  the  antenaary 
organs  proceed,  is  much  larger  than  the  other,  and  would 
appear  to  represent  two  ganglia.  The  endostemites  .arise 
as  processes  from  each  of  the  eight  posterior  cephalo- 
thoracic  sterna,  which  eventually  arch  over  the  ganglionic 
cord,  and  unite  with  one  another. 

The  alimentary  canal  is  produced  by  the  gradual  dif- 
ferentiation and  demarcation  of  the  sternal  part  of  the 

z 
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hypoblast,  which  inyests  the  whole  yelk,  from  the  tergal 
part,  which  becomes  the  yelk  sac.* 

After  the  liver,  genitalia,  and  aatennary  glands  are 
developed,  the  yelk  sac  eTentoally  becomes  rednced  to 
a  small  c»cal  diverticulum,  situated  at  the  pyloric  end 
of  the  stomach.  The  genital  ducts  in  both  males  and 
females  are  originally  diverticula  from  the  corresponding 
regions  of  the  genital  glands;  their  external  apertures 
and  the  copulatory  appendages  of  the  first  abdominal 
somites  in  the  male  are  not  developed  until  some  time 
afterbirth. 

The  modifications  of  structure  observable  within  the 
limits  of  the  PodophihaJmia  axe  ezoeedingly  interesting. 

Excluding,  for  the  present,  the  8qwiUid«B,  the  gproup  is 
divisible  on  clear  morphological  grounds  into  the  following 
subdivisions: — 1.  TheBrcuihywra;  2.  TheAnomwra;  3.  The 
Mdcrwra ;  4.  The  Schi^opoda. 

The  morphological  relations  of  the  Maoruira  are  nearly 
such  as  are  indicated  by  their  position  in  this  series ;  and 
Aitaeue,  as  a  central  genus  of  the  central  group,  thus  bec<nnes 
a  sort  of  natural  centre  for  the  whole  of  ^ePodophOMknia^ 
whence  we  may  traoe  a  gradual  series  of  modifications,  lead* 
ing  on  the  one  hand  to  the  Sckiaopeda,  with  their  large 
abdomen  and  small  cephalo-thorax ;  and  on  the  other  to  the 
Brachywra,  with  their  rudimentary  abdomen  and  oompara- 
tively  enormous  cephalo-thorax. 

In  all  the  Mctemra,  the  branchiffi  are  numerous,  and  are 
covered  by  the  branchiostegites.  The  abdomen  is  large, 
and  is  used  as  a  locomotive  organ,  the  appendages  of  its 
sixth  somite  being  well  developed.  The  thoracic  ganglia 
usually  form  an  elongated  chain,  and  the  external  maxilli- 
pedes  never  form  broad  opercular  plates  oyer  the  other  jaws. 

*  A ccording  to  Bobretsky  (/.c.)  encroacheB  upon  the  vitellus,  until 

there  ie  no  proper  velk-rac,  the  ^e  letter  is  all  absorbed.    The 

structure  so  termed  by  Bathke  hypeblastio  sao  is  oonverted  into 

■  bein^    the   saccuUr    hypoblast,  the  liver  and  the  intestine.    The 

which  is  formed  bv  invagination  stomach  arises  independently  by 

of  the  primitive  bkstodenn  and  invagination  of  the  epiblast. 
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In  some  of  the  lower  Macrwra  (PeneiM,  Famphooa),  the  exo- 
podite  persists  as  an  appendage  at  the  base  of  the  thoracic 
limbs ;  and  in  two  genera,  Sergestea  and  AceUt,  the  posterior 
thoracio  members  become  radimentaiy  or  eren  entirely 
abortive,  though  the  abdominal  apx>endage8  remain. 

In  the  higher  Maerura,  such  as  PoKminw,  the  nerrous 
system  exhibits  a  greater  degree  of  concentration,  the 
thoracio  ganglia  constituting  an  elongated  oral  mass ;  and 
it  is  in  this  genus  and  its  allies  that  the  head  and  its  appen- 
dages exhibit  modifications,  which  prepare  us  for  those 
which  are  presented  by  the  Braeh^fvra.  In  this  respect  the 
PaUwurus  vulffcme  (Bock  Lobster,  Sea  Crayfish,  or  Spiny 
Lobster)  is  paiidculariy  worthy  of  attention.  The  rostrum 
is  rudimentary  and  represented  by  a  mere  spine,  leaving 
the  anterior  cephalic  somites  uncovered.  The  cephalic 
flexure  is  so  strong  as  to  throw  the  ophthalmic  sternum, 
which  is  very  wide,  completely  to  the  top  of  the  head. 
The  basal  joints  of  the  antenns,  or  coxocerites,  are 
enormous,  fixed  to  the  surrounding  parts,  and  united  by 
their  anterior  extremities  in  the  middle  line  below.  Supe- 
riorly, they  seemed  to  have  coalesced  with  the  antennulary 
sternum,  so  as  to  form  a  projecting  wedge-shaped  mass, 
which  separatee  the  antennules  from  the  ophthalmic  ster- 
num, and  causes  them  to  appear,  at  first,  as  if  they  were 
inferior  to  the  antennse.  In  this  genus,  the  basicerite, 
isohiooerite,  and  merocerite  are  much  thicker  and  stronger 
than  the  corresponding  joints  of  any  of  the  other  appen* 
dages ;  and  in  the  closely  allied  8cyUaru$,  the  facial  region 
of  which  is,  on  the  whole,  similarly  constructed,  these  joints 
become  extr^nely  expanded  and  flattened,  and  ave  succeeded 
by  no  procerite.  In  these  genera  the  scaphocerite,  or  squame, 
usually  attached  to  the  base  of  the  antenna,  is  absent; 
and,  in  ScyUatrua,  there  is  another  approximation  to  Brachy- 
uran  structure  in  the  existence  of  distmct  orbits,  formed 
by  a  lobe  of  the  carapace,  which  descends  on  the  inner 
tide  of  the  ocular  pedunde,  to  meet  the  base  of  the 
antenna.  No  median  septum  is  formed  by  the  rostrum, 
however,  nor  are  the  antennules  capable  of  being  folded 

2C  2 
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back  into  diBtmct  chambers  in  any  Macraran  at  present 
known. 

The  Anonmra  are  so  completely  intermediate  in  stractore 
between  the  Maorura  and  the  BrachywUf  that  they  need 
not  be  specially  noticed,  except  to  draw  attention  to  the 
sin^rolar  deviation  from  the  ordinary  habits  and  form  of 
the  higher  Omstaceans,  presented  by  the  Poffvridte,  or 
Hermit  Crabs,  so  common  on  all  coasts.  Essentially  Ma« 
cmran  in  their  organisation,  these  Crustacea  are  distin- 
guished from  all  true  Maerwra  by  the  oncalcified  and  soft 
condition  of  the  integument  of  their  nnsymmetrical  abdo- 
men, the  appendages  of  which  are  for  the  most  part 
abortiye,  those  of  the  sixth  somite  being  modified  so  as  to 
serve  as  daspers.  It  is  by  means  of  these  that  the  Hermit 
Crab  retains  firm  hold  of  the  columella  of  the  empty 
gasteropod  shell  into  which  it  is  his  habit  to  thrust  his 
unprotected  abdomen,  and  covering  over  his  retracted  body 
with  the  enlarged  chela,  which  takes  the  place  of  an 
operculum,  resists  all  attempts  at  forcible  extraction. 

The  internal  structure  of  the  Brachywra  is,  on  the  whole, 
similar  to  that  of  the  Macrura ;  but  the  thoracic  ganglia 
have  coalesced  to  a  much  greater  extent  than  in  Astacua, 
forming  a  single  rounded  mass.  The  branchi®  are  few, 
never  exceeding  nine  on  each  side,  and  sometimes  not 
more  than  seven.  The  branchiostegite  fits  closely  down 
upon  the  bases  of  the  four  posteidor  pairs  of  thoracic 
Umbs,  and  sometimes  encloses  a  space  which  is  very  large 
in  proportion  to  the  branchis.  This  is  particularly  the  case 
in  the  Land  Crabs  {Oecardnus),  where  the  spacious  branchial 
chamber  is  lined  by  a  thick  and  vascular  membrane,  which, 
in  these  almost  wholly  terrestrial  Cruitacea,  either  takes  on 
to  some  extent  the  respiratory  function,  or  serves  to  keep 
the  air  within  the  branchial  chamber  saturated  with  mois- 
ture. 

The  abdomen  in  the  Brachyura  is  comparatively  small ; 
its  sixth  somite  possesses  no  appendages ;  and  the  others, 
if  they  exist  at  all,  subserve  only  a  sexual  purpose,  the  two 
anteiior  pairs   commonly  forming  accessory  copulatory 
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organs  in  the  male;  while,  in  the  female,  so  many  of  these 
appendages  as  remain  give  attachment  to  the  ova,  which  are 
carried  about  until  hatched,  between  the  thorax  and  the 
abdomen,  which  is  bent  up  against  it.  The  female  Brachyura 
also  possess  a  spermatheca  attached  to  each  oviduct,  which 
is  absent  in  the  Macrwa ;  and,  in  this  sex,  the  abdomen  is 
larger  and  broader  than  in  the  males.  In  accordance  with 
the  mdimentarj  condition  of  this  part  of  the  body,  the 
abdominal  ganglia  are  represented  only  by  a  cord,  which 
proceeds  from  the  posterior  part  of  the  great  thoracic  mass. 
It  is  in  the  construction  of  their  skeleton,  however,  that 
the  Braehyura  present  the  most  interesting  deviations  from 
the  Maorwra.  Thus,  if  we  select  the  common  Shore-crab, 
Carcinus  mcenas  (Fig.  76),  as  a  typical  example  of  a  Brachy- 
uran,  we  jBnd  that  the  carapace  is  a  wide  shield,  broader 
than  long,  having  a  somewhat  pentagonal  shape,  and  bent 
sharply  inwards  at  the  sides,  instead  of  taking  an  even  sweep 
down  to  the  base  of  the  legs.  It  is  in  such  close  contact 
with  the  four  posterior  pairs  of  thoracic  limbs,  as  to 
leave  no  passage  or  aperture  such  as  exists  in  Astacus,  the 
only  inlet  for  the  water  required  for  respiration  being 
placed  above  the  basal  joints  of  the  chelate  anterior  ambu* 
latory  limbs.  The  edges  of  the  carapace  pass  completely 
in  front  of  the  bases  of  the  limbs,  and  then  turn  suddenly 
forwards,  parallel  with  one  another  and  with  the  axis  of 
the  body,  as  the  pterygostamial  platea  of  Milne-Edwards, 
to  join  the  antennary  sternum,  which  is  very  wide,  but 
short  from  before  backwards.  The  space  included  be- 
tween the  edges  of  the  pterygostomial  plates  and  the 
antennary  sternum  is  the  "  cadre  buccal,"  or  perigtome ;  the 
antennary  sternum  itself  receives,  as  in  the  Astticus,  the 
specific  appellation  of  epistoma ;  and  theplate  which  stretches 
backwards  and  supports  the  labrum,  within  its  posterior 
forked  boundary,  is  the  endostoma. 

The  middle  of  the  dorsal  surface  of  the  carapace  is  marked 
somewhat  nearer  its  posterior  than  its  anterior  boundary  by 
a  short  transverse  depression,  which  is  continued  on  each 
side  forwards  and  outwards,  and  then  curves  directly  out- 
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wards  to  the  edge  of  tlie  carapace  (Tig.  76,  e  •).    Farther 
than  this  I  cannot  trace  thia  homolog:ae  of  the  cervical 


of  the  eanpkee  of  Oimhuu  mmai.  /.  Boatrnm.  o.  Orbit,  e.  i.  Cer- 
*iul  grooTe.  g^.  Eplgutric  lobe,  g',  Prologutrio.  jr*.  Mesogw- 
trio,  g*.  Hypogutrio.  g'.  CroRMiric.  c.  c<.  Anterior  uid  poiterioT 
cardUo.  h.  hrpatlc.  b',  C,  1*.  Epibnnehial,  meiobnncbbl,  tad 
nutabranchlal  lobM.  The  tower  figure  reprtaeots  a  Tentnil  Tlew  of 
tbe  Ulterior  half  of  the  ume  carapace,  a.  Roatjml  aeptnn. 
I.  Antennary  sternum,  c.  Enture  between  theie.  if.  Sopraclliary 
loba.  (.  Inlemal  aaborbitar  lobe.  /.  Antenna,  g.  Artioular  cavity 
for  tbe  opbthalmio  peduncle,  h.  The  latne  for  the  lutennule.  o.  Or- 
bit. (A.  Snbbepatlc  regloD.  ip.  Anterior  pleunl  T^lon.  The  right- 
hand  Upper  figure  giVei  ■  ride  view  of  tbe  carapac*  of  SbHo- 
n^wAw  pAalaigiMm,  the  common  " ipidei^crab."  a.  Orbtt./', 
y^Boatrum.    ai.  Anlennule.     at.  Antenna.     g>,  Epiatoma. 

groore  of  Attaetu.    £levatioua  and  depreeaiona  npon  the 
sorface  of  the  carspaoe  in  front  of  the  oernoal  groove, 
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wliichy  as  in  Astaeus,  ia  composed  of  the  oonnate  terga  of 
the  six  cephalic  somites,  mark  it  out  into  certain  definite 
regions  of  considerable  STstematic  importance.  An  irregu- 
lar transYerse  depression,  crossing  the  carapace  near  the 
anterior  margin,  bounds  an  anterior  or  facial  region, 
divided  into  a  middle  fronidl  lobe  (/),  and  lateral  orhUdl 
lobes  (o),  from  a  posterior,  much  larger,  gastro-hepatic  area, 
divided  into  small  lateral  hepatic  lobes  (^),  and  a  large 
complex  gcutrie  lobe  (g\  g^,  etc.).  The  latter  is  again 
subdivided  into  two  epigastric  lobes  (g%  two  protogagMe 
lobes  (^,  a  median  mesogatibric  lobe  {^\  two  metagcuirio 
lobes  (^),  and  two  urogattric  lobes  (^),  maldng  altogether 
nine  subordinate  divisions.  The  gastric  lobes  correspond 
in  a  general  way  to  the  stomach;  the  hepatic  lobes,  to  a 
portion  of  the  Hver.  The  region  behind  the  cervical  suture 
consists  of  the  connate  terga  of  the  eight  thoracic  somites ; 
it  is  divided  bj  two  strong  longitudinal  grooves,  the  IroHehich 
cardiac  grooves,  into  a  middle  region,  corresponding  with 
the  heart,  and  two  lateral  regions,  forming  the  roof  of 
the  branchial  chamber.  A  transverse  depression  divides 
the  middle  region  into  an  anterior  and  a  posterior  cardiac 
lobe,  while  the  branchial  region  is  subdivided  into  epi- 
hranehial  (b^),  mecobranckicd  (6^),  and  metahranchial  (b') 
lobes. 

On  turning  to  the  inflected  inferior  portion  of  the  carapace, 
a  Butural  line  or  groove  is  seen  running  from  the  epistoma, 
outwards  and  backwards,  very  nearly  reaching  the  outer, 
edge  of  the  carapace,  opposite  its  external  angle,  and  then 
sweeping  backwards  parallel  with,  and  but  little  distant 
from,  its  postero-lateral  boundary,  until  it  cuts  its  posterior 
edge.  The  portion  of  the  carapace  internal  to  this  sutural 
line,  is  called  by  Milne-Edwards  the  inferior  branehio- 
Hegitc,  and  is  considered  by  him  to  be  composed  of  an 
anterior  (e  p)  and  posterior  epimeral  piece,  corresponding 
with  the  9uh-hepaHe  (eh)  and  sub-branchial  regions  of  the 
surface  of  the  carapace  between  the  suture  and  the  line  of 
inflection.  I  cannot  regard  these  parts,  however,  as  having 
any  relatioii  with  the  true  epimera.    The  suture,  or  rather 
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groove,  seems  rather  to  correspond  with  that  which  marks 
off  the  pleuron  from  the  rest  of  the  somite  in  Astacus, 

The  anterior  cephalic  somites  in  Carcinus  have  undergone 
some  sing^olar  modifications,  whereby  their  true  relations 
are  greatly  obscured.  The  broad  trilobed  plate  (Fig.  76,/) 
corresponds  with  the  elongated  rostrum  of  Astaeus;  in- 
feriorlj  it  is  produced  in  the  median  line  into  a  strong 
ridge  or  septum,  the  lower  and  posterior  edge  of  which 
is  convex,  and  fits  closely  into  the  concavity  formed 
by  the  antennulary  and  ophthalmic  sterna,  as  they  bend 
back  from  the  sternal  flexure.  This  rostral  septum, 
therefore,  abuts  below  and  behind  on  the  epistoma,  and 
constitutes  a  sort  of  partition  (Fig.  76,  a),  by  which 
the  cavities  in  which  the  antennules  and  eyes  of  the 
two  sides  are  lodged,  are  completely  separated  from  one 
another.  The  lateral  portions  of  the  rostrum  form  a 
flattened  roof  over  the  inner  portions  of  these  cavities, 
which  contain  the  bases  of  the  ophthalmic  peduncles  and 
the  antennules ;  but  the  outer  angles  of  the  rostrum  are 
produced  downwards  (d),  to  form  the  nepracUiMry  lobe. 
The  outer  half  of  the  lateral  cavities  or  chambers  is  more 
excavated,  and  is  bounded  by  a  strong  pointed  process,  the 
external  orbitar  lobe,  which  is  divisible  into  a  supra-orbital 
and  8ub-orbUal  portion.  The  latter  passes  gradually  into 
a  strong  process  of  the  sub-hepatic  region,  called  the 
internal  suh-orbita^  lobe  (Fig.  76,  e);  this  turns  forwards 
and  upwards  towards  the  supraciliary  lobe,  which  it  ap- 
proaches, but  does  not  meet,  the  base  of  the  antenna 
being,  as  it  were,  wedged  between  the  two. 

The  supraciliary,  external  orbitar,  and  internal  sub-or- 
bitar  lobes,  and  the  antennsB,  thus  together  circumscribe  a 
cavity  widely  open  in  front,  which  is  called  the  orbit, 
inasmuch  as  it  lodges  the  terminal  portion  of  the  ophthal- 
mic peduncles,  with  the  eyes  which  they  support.  The 
pix>ximal  portions  of  the  peduncles  pass  through  the 
04)mparatively  narrow  opening  by  which  the  inner  and 
outer  chambers  communicate,  between  the  antenna  and 
the  supi*aciliary  process,  and  are  ioserted  as  usual  into  the 
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articular  cavities  on  each  side  of  tbe  ophthalmic  sternnm, 
which  ia  narrow,  and  hardly  wider  than  the  septum.  It 
thus  comes  to  pass  that  the  eyes,  lodged  in  their  orbits, 
ap]>ear  to  be  altogether  external  to  the  antennules,  the 
enlarged  bases  of  which  hide  the  ophthalmic  peduncles,  and 
appear  to  be  the  sole  contents  of  the  inner  division  of  the 
sub-frontal  chamber;  but  the  true  position  of  the  eyes 
is  precisely  the  same  as  in  AstacuB,  that  is  to  say,  anterior 
and  superior  to  the  antennules.  Another  interesting 
peculiarity  about  the  facial  region  of  the  carapace  is 
that  the  basal  joints  of  the  antenns  have  coalesced  with 
the  sternum  of  the  antennary  somite,  and,  consequently, 
that  the  bases  of  the  antenns  are  immoveable.  There  is 
no  vestige  of  a  scaphocerite,  and  the  aperture  of  the 
organ  which  answers  to  the  green  gland  of  Jsiaeua, 
is  provided  with  a  peculiar  moveable  plate,  provided  with 
a  projecting  internal  stem,  to  which  delicate  muscles  are 
attached  in  CarcinuB.  It  is  this  structure  which  has  been 
compared  to  an  auditory  ossicle;  but,  as  in  AMtaeus,  the 
auditory  sacs  are,  in  fact,  lodged  in  the  dilated  basal  joint 
of  the  antennule. 

A  cervical  fold,  lodging  the  scaphognathite,  occupies  the 
same  relative  position  as  in  Astaeut,  and  marks  off  the 
cephalic  from  the  thoracic  region,  on  the  sides  of  the 
body.  The  thoracic  sterna  gradually  increase  in  breadth, 
and  the  posterior  ones  are  marked  externally  by  a  strong 
median,  longitudinal  depression,  answering  to  a  corre- 
sponding fold  on  the  inner  surface.  The  apodemal  cells  are 
well  formed,  but  the  sternal  canal,  so  largely  developed  in 
the  Mdorvra,  is  absent  in  this,  as  in  aU  other  Brachywra, 

The  structure  of  the  appendages  is  essentially  the  same 
as  in  Astacaa,  but  the  third  thoracic  appendage,  or  external 
maxillipede,  has  its  ischiopodite  and  meropodite  greatly  en- 
larged, so  as  to  form  a  broad  plate,  which,  with  its  f dlow, 
covers  over  the  other  organs,  and  hence  receives  the  name 
of  the  gntxthostegiie.  The  three  terminal  joints  of  the  limb 
remain  small,  and  constitute  a  palpif  orm  appendage — ^the 
endognaihal  palp. 
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In  some  of  tbe  lower  Macrwra,  the  thoracic  limbe  are  pro- 
vided with  a  short  exopodite,  and  the  posterior  masdllipedes 
become  utdistingnishable  from  the  ordinary  thoracic  limbs. 
Such  forms  lead  us  naturally  to  the  Sehwopoda,  a  group 
the  name  of  which  is  deriyedfrom  the  apparent  splitting  of 
the  limbs  produced  by  the  great  development  of  the 
exopodifce,  which,  in  these  Oruetaaea,  is  as  large  as  the 
endopodite.  In  this  group,  again,  a  line  can  hardly  be 
drawn,  iA  many  cases,  between  any  of  the  mazillipedes 
and  the  thoracic  limbs,  the  anterior  pair  only  being 
somewhat  smaller  than  the  rest.  Hence  ThyganopodA  is 
admitted,  by  Milne-Edwards,  to  have  eight  pairs  of  thoracic 
limbs  ('  Orustac^s,'  ii.  464).  The  branchin  in  the  SchMopoda, 
are  frequently  absent;  when  wdl  developed,  as  in  Thy- 
sanopoda,  they  are  not  ineluded  under  the  branchiost^te, 
but  hang  down  freely  from  the  bases  of  the  thoraetc  limbs. 
In  MystB,  the  only  representative  of  a  braachia  (if  it  be 
one  in  reality)  is  a  process  attached  to  tlie  first  thoracic  ap- 
pendage. CyniMa  has  its  branchial  appendages  attached 
to  the  abdominal  manbers. 

In  Thywanopoda,  Mysie,  and  Cyfdhia,  the  general  struc- 
ture of  the  body  is  similar  to  that  of  the  Maenura,  except 
that,  in  Myns,  the  greater  number  of  the  abdominal  appen- 
dages are  rudimentary. 

In  LeuG^er,  the  antennary  somite  is  produced  into  a  very 
long  and  narrow  peduncle,  which  supports  the  eyes,  on 
their  great  stalks,  the  antennules,  and  the  antennsB,  at  its 
extremity,  separating  them  from  the  rest  of  the  oephalo- 
thorax,  which  is  covered  by  a  delicate  carapace,  bent  down 
at  the  sides.  The  anterior  thoracic  members  are  rudi- 
mentary, and  the  posterior  pair  is  absent.  The  heart 
is  short  and  rounded,  and  situated,  as  usual,  in  the  thorax. 

It  has  been  seen  that  in  Astaciut  fiwviaiilit,  as  in 
Linvulus  and  Daphnia,  the  embryo  slowly  and  gradually 
passes  into  the  form  of  the  adult;  to  which  it  is  so  ainii1a.r 
when  it  leaves  the  egg,  that  the  changes  of  the  young 
present  nothing  comparable  to  the  well-known  metamor- 
phoses of  Butterflies  and  Beetles. 
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Bnt  most  FodophHudmia  rather  reeemble  the  Copepoda 
aod  the  Duyority  of  the  ErUomoriraea,  in  the  fact  th&t  the 
jomig,  when  they  leave  the  eg^,  have  a  totalljr  diammiliLT 
form  to  that  of  the  parent,  and  only  acquire  the  adnlt 
eandition  after  a  series  of  eodyses. 

The  observations  of  Fritz  liuller  *  have  ehown  that  tiM 
jonng  of  a  species  of  .Fra.wii  {Fenetui)  undergo  a  metamor* 
phoaiB  which  runs  parallel  with  that  of   the  Copepodo. 


Fig.  J7. 


B,  Zaaa  or  Copepod  itsgo. 
\  SsUapiK^lage.    (After  Hiiller.) 

When  it  leaves  the  ^g  (Fig.  77,  A),  the  jauag  Peneut  has  an 
oval,  luuegmented  bodj  with  a  single  frontal  eye,  a  large 
labmm  and  tliree  pairs  of  natatorial  appendages — it  is 
in  fact,  to  all  intents  and  purposes,  a  NavpUiu.  The 
Naaplitu-torm  next  developes  a  roonded  tei^  shield,  or 
carapace ;  the  first  and  second  pairs  of  appendages  remain- 
ing long,  beoome  the  antennnlea  and  the  antenna ;  while 
those  of  the  third  pair,  their  bases  enlai^png  at  the  expense 
•  'FDcDsTwlit,'  186*. 
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of  the  reet  of  tlie  appendage,  become  tlie  mandibles.  Four 
pairs  of  appendages  subseqnentlj  appear  behind  the  man- 
dibles. The  hinder  three  pairs  are  bifurcated  and  become 
the  two  pairs  of  maTillflB  and  the  first  and  second  nuudlli- 
pedes.  Behind  these  again  are  five  pairs  of  short  lamellar 
processes,  which  eyentoallj  are  converted  into  the  rest  of  the 
thoracic  appendages.  The  six  somites  of  the  abdomen  are 
long  and  distinct,  and  the  last  ends  in  two  setose  processes. 
Thej  are  at  first  without  appendages.  In  this  stage  (Fig. 
77,  B),  which  answers  to  the  so-called  ZocBa-iorm  of  other 
Podophthalmia,  the  principal  locomotive  organs  are  the 
antennsd  and  antennules,  and  the  resemblance  to  an  adult 
Oopepod  is  so  striking  that  it  maj  be  termed  the  Copepod 
stage.  Next,  the  antennsB,  diminishing  in  relation  to 
the  rest  of  the  body,  cease  to  be  the  principal  organs  of 
locomotion,  and  the  rapidly  elongating  abdomen  assumes 
that  function.  The  stalked  double  eyes  which  made  their 
appearance  in  the  Gopepod  stage,  become  more  fully  deve- 
loped. The  jointed  exopodite  of  the  antenna  is  replaced 
by  a  single  plate.  ■  The  greatly  enlarged  thoracic  limbs  are 
provided  with  an  endopodite  and  an  exopodite,  as  in  the 
Schizopoda,  the  branchisB  are  developed  from  them,  and 
the  abdominal  appendages  make  their  appearance.  This 
may  be  termed  the  Schizopod  stage  (Fig.  77,  G).  Lastly, 
the  median  eye  vanishes,  the  exopodite  of  the  locomotive 
thoracic  limbs  disappears,  and  the  larva  assumes  all  the 
characters  of  the  adult  Peneu8. 

In  the  gp-eat  majority  of  the  PodopMhdlmia  the  embryo 
undergoes  as  remarkable  a  metamorphosis  after  it  leaves 
the  egg.  This  fact  was  first  indicated  by  Siebold,  after- 
wards demonstrated  by  Yaughan  Thompson,  whose  obser- 
vations have  been  confirmed  and  extended  by  many  more 
recent  observers,  notably  by  Spence  Bate*  and  Glaus. f 
But  the  stages  of  this  metamorphosis  differ  from  those 

•  "  On  the    Development    of  glMusenlarven.**  (Wiirsburg  *  N«^ 

Beeapod  Crustacea."     (Philoao-  tunrintensohaftliohe   ZeiUohrift,' 

phical  Transactions,  1857.)  1861.) 

t  "  Zur  Kenntniss  der  Malako- 
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obBerred  in  Peneut  in  the  apparent  absence  of  the  fint  or 
NmtplixM  conditioa.  Poesiblj,  however,  this  ia  represented 
hj  A  delicate  cnticalar  inTetrtment  which  the  laira  throwi 
off  soon  after  leaving  the  eggf.  It  then  corresponda  with  the 
later  form  of  the  Gopepod  stt^e  of  Peneus,  and  ia  termed  a 
ZotBa,  The  Zoaa  has  a  short  carapace,  often  provided  in 
the  median  frontal  and  dorsal  regions  with  long  spine-like 
prolongationa.  There  is  a  median  simple  eye  between  the 
lateral  seesile  faceted  ejee,  »  pair  of  antennnlee,  a  pair 


B.SItffa- 


of  antenna,  a  pair  of  mandibles,  and  two  pairs  of  maiiUtt ; 
in  short,  all  the  appendages  of  the  head.  Of  the  appendices 
of  the  thorai,  the  first  two  pairs  are  well  developed,  and 
terminate  in  an  ezopodite  and  an  endopodite.  Bnt  behind 
theae,  which  become  the  first  and  the  second  pair  of  maxil- 
lipedes,  only  short  rudiments  of  the  idi  remaining  pairs 
of  thoracio  appendages  are  to  be  fonnd,  and  the  somites 
of  the  long  abdomen  have  no  appendages  at  aU.  Snbse- 
qnentlT  these  make  their  appearance,  the  poaterior  thoracic^ 
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members  increase  in  size»  tlie  ejes  beoome  raised  upon 
short  pedtmoles,  and  the  larva  resembles  one  of  the  lower 
Macrura.  The  carapace  next  becomes  broader,  and  its 
spines  shorter,  while  the  ambtdatorj  thoracic  limbs  ta.ke 
on  the  characters  of  those  of  the  adult,  the  bifurcated  first 
and  second  pairs  becoming  metamorphosed  into  the  first 
and  second  maziUipedes.  The  abdomen  becomes  relatiyely 
short  and  slender,  and  the  larva  takes  on  the  ohaicacters 
of  one  of  the  Anomwra,  In  this  stage  it  has  been  named 
Megalopa.  Bj  further  changes  in  the  same  direction,  the 
Anomuran  condition  passes  into  that  of  the  jonng  Bra- 
chjuran.  All  these  modifications  of  form  are  accompanied 
bj  exuviations  of  the  chitinous  cuticula. 

The  successive  stages  are  well  exemplified  by  the  young 
of  the  Shore-crab,  Careinus  moencu  (Fig.  78,  A,  B,  C). 
The  larva,  on  leaving  the  egg,  haa  sessile  eyes,  a  long 
pointed  rostrum,  and  a  spine  projecting  from  the  middle 
of  the  carapace ;  rudimentary  antennsB,  and  two  pairs  of 
locomotive  appendages  —  the  rudiments  of  the  anterior 
maxiilipedes.  The  abdominal  somites  are  without  appen- 
dages, and  the  telson  is  broad  and  bilobed  (Fig.  78,  A). 

This,  the  Zocea  stage,  after  repeated  ecdyses,  assumes  tine 
Megalopa  form  represented  in  Fig.  78,  B.  Finally,  the 
carapace  becomes  broader,  the  abdomen  loses  its  appendages, 
and  is  bent  up  under  the  thorax ;  the  peculiarities  of  the 
facial  region,  characteristic  of  the  BmchywrOy  are  developed ; 
the  antennules  and  ambulatory  members  acquire  their  cha- 
racteristic proportions  ;  and  the  little  Brachyuran  by  degrees 
assumes  the  special  peculiarities  of  Carciniu  (Fig.  78,  C). 

The  development  of  the  Opossum  Shrimp  {My sis)*  is  par- 
ticularly interesting,  as  it  appears  to  indicate  the  rela- 
tions between  the  two  modes  of  development,  that  with  and 
that  without  metamorphosis,  which  obtain  in  the  Orusiacea 
(Fig.  79). 

The  ova  consist  of  a  vitelline  mass,  enclosed  within  a 
delicate  chorion.    The  blastoderm  appears  as  an  oval  patch 

*  Conf.  E.  van  Beneden,  " B^veloppement  d«8  Mysis."  ('Bulletin 
de  r  Academie  de  Bnixelles,'  1869.> 
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upon  the  surface  of  the  yelk  (Fig.  79,  A,  e\  thickest  in  the 
middle,  and  here  presenting  a  more  or  less  marked  de- 
pression (Fig.  79,  A,  B,  c).  It  is  sharply  defined  from  the 
subjacent  yelk  {h),  and  consists  of  a  finely  granular  mass, 
in  which  multitudes  of  nuclei,  about  yAsts  ^  tt^  ^  ^^ 
inch  in  diameter,  are  imbedded. 

The  blastoderm  next  becomes  larger  at  one  end  than  at 
the  other,  and  a  median  sinuation  gradually  diyides  this 
extremily  into  two  lobes,  which  will  eventually  form  the 
anterior  parietes  of  the  head,  and  may  be  called  the  joro- 
cephdlic  lobesJ* 

The  median  depression  becomes  more  decided,  and,  at  the 
end  opposite  theprocephalic  lobes,  theblastoderm  is  produced 
into  a  sort  of  papilla,  directed  forwards.  This  is  the  rudi- 
ment of  the  caudal  extremity.  From  the  anterior  part  of  the 
blastoderm  there  arise,  on  each  side,  two  papillse,  the  points 
of  which  are  directed  backwards,  and  which  will  become  the 
antennules  and  antennse.  The  whole  of  these  parts  are 
invested  by  a  delicate  cuticular  membrane,  which  gradually 
extends  over  and  invests  the  whole  yelk  beneath  the  vitellary 
membrane.  At  the  end  of  the  caudal  papilla  it  forms  a 
broad  process,  produced  into  setsd,  which  sometimes  appear 
fan-like,  sometimes  so  deeply  bifid  sa  to  resemble  two 
styles. 

The  embryo  has  now  reached  what  we  may  term  its  larval 
stage,  and,  in  this  condition,  it  leaves  the  vitellary  membrane 
within  which  it  was  enclosed,  and  lies  free  in  the  ovigerous 
pouch  of  the  parent.  At  the  same  time,  the  caudal  extremity 
enlarges,  and  straightens  itself  out,  so  that  no  indication 
of  its  previous  inflexion  against  the  thoracic  portion  of  the 
blastoderm  remains.    The  larva  thus  much  resembles  a  pear 


*  It  is  ezoeedingly  interesting 
to  remftrk  the  correspondence 
between  the  embrvonio  structure 
of  the  head  of  Mmu  (and  I  may 
add  that  of  other  Arlhrcpodd),  and 
that  of  the  head  of  a  vertebrate 
embryo.  The  i^rocephalic  pro- 
eeeses  resemble  m  a  remarkable 
manner  the  trabeaUte  eranii  of 


the  vertebrate  embryo ;  and  the 
oephalie  flexure  of  the  Crusta- 
cean or  Insect  has  its  analogue, 
if  not  itshomologue,  in  the  angle 
which  the  trabecular  region  of 
the  base  of  the  skull  at  first  makes 
with  the  parachordal  region  in 
almost  all  Vertebrata, 
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(Fig.  79,  D,  E),  with  four  processes  (2. 3),  the  anteimuleB  and 
antemue,  vhioh  liave  now  become  much  elongated,  on  one 
tnuface. 

The  young  MyrU  next  grows  rapidly  and  nndergoes  great 
changes  in  form ;  bat  it  ia  a  very  remarkable  tact,  that  the 
primitive  integument  remains  unaltered;  gradnallj  en- 
larging, to  accommodate  itself  to  the  increased  size  of  the 
fcetoB,  indeed,  but  otherwise  taking  no  share  whatever  in 
its  changes.  The  jonng  My»i*  might,  therefore,  in  this 
condition  be  justlj  termed  a  pupa,  for  the  relation  of  the 
primitive  intfigument  to  the  animal  which  it  encloses  is 
precisely  that  of  the  papa  skin  to  the  im^o  of  an  insect. 

Fig.  79. 


K  juit  ftppearad.  B.  Bide  vi 
TuiMd.  C  Front  view  of  embrTo  at  tlie  tune  (ge,  ahowlag  the 
procaphkllB  lebei,  here  marked  b.  D.  Lurm,  Tentavl  tlew.  B. 
Side  view.     (Theee  two  flgurei  takre  been  InTerted  bv  the  ea- 

BiTci.)  F.  yoaag  pupa.  O.  Further  edTuuwd.  H.  Young 
flit,  wMoh  hu  left  Ita  pup*  eUs.  I.  Anterior  portion  of  the  (unit, 
eBlaifed,  kad  with  the  eaniiMe  thrown  back.  a.  VilelUne  mem- 
brane, fr.  Yelk.  e.  Central  depreesion  of  the  blutodenn.  d.  Pro- 
cephalio  lobe*.  /.  Larval  integument  g.  Iti  caudal  enlargement. 
A.  Carapace.  1,  i,  3,  4,  ate.  the  lomitai  and  their  appeodagea, 
BombeiW  from  before  bukwarda. 

The  autenntiles  and  anteimie  remain  intact  within  the 
eheathB  afforded  hy  the  primitive  integument,  bnt,  becoming 
immgtuely  elongated  and  divided  at  tiierr  estremitiee, 
fwenme  more  and  more  their  proper  adnlt  oonfonnation. 

In  front  of  the  antennnleii,  a  large  rounded  pTotnberanM 
makes  ita  appearance  npon  eacii  procephalic  lobe,  and 
eventually  beoomea  the  ophthalmic  pednncle.  At  flrs^  the 
sternal  portions  of  tht  somitee,  eorreapondisg  irith  thcM 
three  pojra  of  appeud^es,  eocnpy  tbc  wme  plane  with  «im 
2  a 
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another  and  the  posterior  sterna  (Fig.  79»  F,  G) ;  but,  by  de- 
grees,  thej  become  bent  np  (Fig.  79,  H);  and  at  length  the 
ophthalmic  sternum  occupies  the  upper  and  front  part  of 
the  head  (Fig.  79, 1).  In  this  waj  the  "  cephalic  flexure  "  is 
produced.  The  mouth  is  indicated  behind  the  anten- 
narj  sternum,  which  projects  backwards  in  the  middle 
line  to  form  the  labrum.  On  each  side  of  it  the  radiments 
of  the  mandibles  appear,  and  behind  these  are  the  papil- 
lary commencements  of  the  two  pairs  of  maxillsB.  Behind 
the  second  -pair  of  maxiUse,  a  distinct  constriction  in- 
dicates the  commencement  of  the  thorax,  the  appen- 
dages of  which  appear,  at  first,  as  tubercular  elevations, 
all  of  precisely  the  same  character,  and  all  directed  back- 
wards parallel  with  one  another.  The  abdomen  is  at  first 
very  small,  and  the  appendages  of  its  sixth  somite  early 
acquire  a  far  larger  size  than  the  others.  The  telson  is 
developed  from  the  middle  line  above  the  anus.  While  all 
these  changes  are  going  on,  the  blastoderm  gradually 
extends  over  the  tergal  surface  of  the  embryo  and  closes 
it  in.  When  the  carapace  is  first  distinguishable  it  appears 
as  a  ridge  arising  from  the  sides  of  the  posterior  thoracic 
somites,  beginning  at  the  last  but  one,  and  gradually 
extending  forwards  as  far  as  the  antennary  somites.  The 
ridge  increases  and  becomes  a  fold,  which  overhangs  the 
bases  of  the  thoracic  appendages  (Fig.  79,  G) ;  and  if  this 
fold  be  turned  back  (Fig.  79,  I),  its  actual  attachments 
may  be  readily  demonstrated. 

Having  advanced  thus  far  in  its  development,  the  f OBtal 
Mysis,  with  all  its  organs  f uUy  formed,  though  somewhat 
^different  in  appearance  from  those  of  the  adult,  casts  its 
pui>a-skin  and  straightens  its  body,  which  from  having  its 
posterior  portion  bent  on  the  anterior,  as  in  the  embryo 
(Fig.  79,  B)  had  gradually  in  the  pupa  (Fig.  79,  F,  G) 
assumed  the  opposite  curvature.  Its  dimensions  are  three- 
fold those  of  ^the  embryo,  and  it  exhibits  vivacious  move* 
ments  when  extracted  from  the  pouch  of  the  parent.  It  is 
not  improbable  it  may  yet  undergo  another  change  of  in* 
tegpiment  before  acquiring  the  full  form  of  the  adult. 
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Thna  it  app«arB  that  in  MytU,  the  NaupUut-atage  (Fig. 
79,  D,  E)  ia  passed  over  so  rapidly  that  the  embrjo  baa 
gone  through  it  at  a  \erj  earlj  period,  and  nothing  but  the 
cnticnlar  alieath  ot  the  bodj  appertaining  to  this  stage 
remains  to  prove  its  existence.  A  step  further,  in  the  ab< 
breviation  of  the  Nav^Uui-vtAge,  and  there  would  be  nothing 
Fig.  SO. 


% 


A,  Tcntral  view 
if  tbe  ten  side  4nd  the  bawi  only  of  1 
lenled ;  B,  aide  vieir  of  thi  body  -.    C,  the  nervoui 
1  flnt  iuid  wcond  thoncic  limbs. 


lut  ccphftlle,  ai 


■fitem;  D,  I 


CO  distinguish  the  general  course  of  the  deTelopmeat  of 
3fyiu  from  that  of  Astacut.  On  the  other  hand,  Kiother 
ScJiizopod,  £7u|itou«ia,  has  been  shown  h;  Metschuikoff*  to 
UftTe  the  egg  as  a  true  Nauplivt. 

•  '  Zeiticbrift  At  Wiu.  Zool.,'  1871. 
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The  Glass-crabs,  or  FhyUoaomata  (Fig.  80),  are  singtilar 
marine    pelagic    Crustacea,  in  which  the    body  consists 
ahnost  wholly  of  two  large,  extremely  flat  and  transparent 
disks,  devoid  of  any  segmentation.    The  anterior  of  these 
bears  the  pedunculated  eyes,  the  antennules  and  the  antennas 
on  its  anterior  margin ;  while  the  labrum,  with  the  mandibles 
and  anterior  pair  of  maxillcB,  form   a  smaU  projection 
posteriorly  on  its  ventral  surface.     The  second  pair  of 
maxillsB  is  situated  a  little  more  backwards  and  outwards, 
and  bears  a  scaphognathite ;  and  just  behind  these  appen- 
dages is  the  fold  of  a  cervical  groove  which  separates  the 
anterior  disk  from  the  posterior.    The  anterior  disk  con- 
tains the  stomach  and  the  liver,  and  in  this  respect,  as  in 
its  appendages,  corresponds  exactly  with  the  cephalostegite 
of  the  carapace  of  an  ordinary  Orustacean,  and  its  six 
cephalic  sterna.    The  posterior  disk,  on  the  other  hand, 
contains  the  short    and  almost    round  heart,  with    the 
intestine,  and  bears  the  eight  pairs  of  thoracic  appendages, 
the  anterior  and  posterior  of  which  are  not  uncommonly 
rudimentary.      The  abdomen  is  usually  very  small,  and 
situated  in  a  notch  at  the  posterior  edge  of  the  thoracic 
disk.     It  is  provided  with  six  pairs  of  appendages.     No 
generative  organs  have  been  found  in  the  PhyUoaomata, 
and  there  is  reason  to  believe  that  they  are  merely  larvsB 
of  the  Macruran  genera  Pdlinurus,  Scyllarus,  Thenue,  and 
their  allies. 

The  CuKAGEA. — ^These  are  very  remarkable  forms,  allied 
to  the  8chieopoda  and  Nehalia,  on  the  one  hand,  and  on 
the  other  to  the  Edrtophthahnia  and  Copepoda ;  while  they 
appear,  in  many  respects,  to  represent  persistent  larvea  of 
the  higher  Crustcxea, 

Cwna  Rathkii  might,  at  first,  be  readily  mistaken  for  a 
Gopepod.  It  possesses  a  comparatively  small  thick  cara- 
pace, apparently  produced  into  a  rostrum  anteriorly,  and 
succeeded  by  a  series  of  twelve  gradually  narrowing  free 
segments,  the  appendages  of  which  are  in  great  part  ob- 
solete.  The  last  of  these  segments  is  a  pointed  telson ;   the 
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anterior  five,  belonging  to  the  thorax,  bear  thoracic  limbs, 
while  the  elerenth,  the  last  true  somite  of  the  bodj,  carries 
its  chaiacteriBtic  stylif orm  appendages.  The  appendages 
of  the  preceding  abdominal  somites  maj  be  either  absent 
or  very  small  and  rudimentary.  Dohm  has  proved  that 
this  is  tme  only  of  the  females  among  the  Cumaeea,  The 
males,  which  were  formerly  referred  to  the  genera  Bodotria 
and  Alawna,  often  have  well-developed  abdominal  limbs, 
though  they  appear  late.  It  is  interesting  to  find  that  the 
females,  in  this  respect,  retain  more  of  the  larval  character 
than  the  males. 

On  ATiLiniTiiTig  the  apx>arent  rostrum  with  care,  it  is 
found  to  be  divided  along  the  middle  line  by  a  fissure 
which  runs  in  front  of  the  eye  (which  is  here  single  and 
sessile)  divides  into  two  branches,  which  run  backwards 
and  outwards,  and  terminate,  before  traversing  half  the 
length  of  the  carapace;  they  thus  cut  off  a  median  lobe, 
bearing  the  eye  at  its  ax>ex,  from  two  lateral  processes. 
The  lateral  processes  are  simply  prolongations  of  the 
antero-lateral  regions  of  the  postmor  division  of  the  cara- 
pace (as  it  were  the  antero-lateral  angles  of  the  carapace  of 
Mygis,  excessively  produced  and  meeting  in  the  middle 
line) ;  while  the  middle  lobe  corresponds,  I  believe,  with  the 
cephalostegite  of  the  carapace  in  ordinary  FodophthaUnia, 
the  insertions  of  the  mandibular  muscles  occupying  their 
normal  position,  towards  its  posterior  boundary.  The 
hinder  part  of  the  carapace  wi&  therefore  correspond  with 
the  terga  of  the  three  anterior  thoracic  somites,  the  five 
posterior  ones  being,  as  has  been  seen,  free  and  moveable. 

The  five  anterior  pairs  of  thoracic  appendages  are  con- 
structed much  on  the  same  plan  as  those  of  the  Schuopoda ; 
the  three  posterior  have  no  exopodite.  In  the  female,  the 
sixth  abdominal  somite  alone  has  appendages,  but  in  the 
male  the  two  anterior  abdominal  somites  are  provided  with 
styles.  Ovigerous  plates  are  attached  to  the  fourth,  fifth, 
and  sixth  thoracic  appendages  in  the  female.  The  structure 
of  the  head  is  peculiar.  No  ophthalmic  sternum  nor  oph- 
thalmic peduncles  are  discernible,  the  single,  or  closely 
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approximated  two,  eyes  being  sessile  on  the  median  line  on 
the  superior  surface  of  the  head.  The  cozopodites  and 
basipodites  of  the  antennules  and  antenna  are  bent  down 
almost  at  right  angles  with  the  axis  of  the  body,  aad 
appear  to  be  connate,  or  confluent,  with  their  sterna.  The 
succeeding  joints  are  free  and  pass  forwards,  the  anten- 
nules being  much  longer  and  stronger  than  the  antenn» 
in  tiie  females,  while,  in  the  males,  the  antennsB  are  very 
long;  the  labrum  is  large;  the  mandibles  strong  and 
unprovided  with  a  palp.  There  is  a  distinct  metastoma» 
and  the  maxillsB  are  delicate  and  foliaceous.  A  papillose' 
branchial  plate  is  attached  to  the  base  of  the  first  thoracic 
appendage.  The  surface  of  many  parts  of  the  body  in 
some  species  exhibits  a  very  peculiar  sculpturing,  singu- 
larly like  that  exhibited  by  the  Ewrypterida. 

As  in  the  Pod^ypMhalmia,  the  heart  is  short  or  moderately 
elongated,  and  situated  in  the  posterior  part  of  the  thorax. 

Dohm*  has  shown  that  the  development  of  the  Oumoeea 
takes  place  without  metamorphosis.  In  most  respects  the 
embryo  resembles  that  of  Mysia ;  but,  instead  of  the  cuti- 
cular  investment  of  the  transitory  ^atipZit»-stage  with 
its  two  pairs  of  appendages,  there  is  only  a  sort  of  cuti- 
cular  sac  with  a  thickening  in  the  middle  line  of  the  tergal 
aspect,  which  the  embryo  bursts  as  it  acquires  a  larger 
size.  In  this  respect,  the  resemblance  of  the  embryonic 
develo|»nent  of  the  Cumacea  to  that  of  the  Edfiophthdhnia 
is,  as  Dohm  points  out,  very  striking,  and  no  doubt  they 
form  a  connecting  link  between  the  Podophthalmia  and  the 
Edriopkthdlmia,  Having  regard  to  their  whole  organisa* 
tion,  on  the  other  hand,  they  stand  at  the  bottom  of  the 
Malacostracan  group,  and  are  comparable  to  a  Peneua-t 
larva  in  the  Gopepod  stage,  the  limbs  and  body  of  which 
are  modified  in  the  direction  of  the  Schizopoda,  while  the 
fore  part  of  the  head  has  remained  Copepodous. 

Fossil  BrcMshyura  are  abundant  in  tertiary  deposits,  but 
are  rare  in  formations  of  earlier  date.    Mcusrura  of  a  pecu- 

*  '*  Ueber  den  Ban  und  die  Entwickelung  der  Cumaceen.**  (^  Unter- 
Buchangen  uber  Bau  and  Entwickelung  der  Arthropoden,'  1870.) 
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liar  type  (Eryon)  occur  in  the  mesozoic  rocks,  and  perhajm 
the  carboniferous  Oamfi^sonyx  should  be  referred  to  the 
PodophOiahnia. 

The  Edsiophthalmia. — These  resemble  the  PodophthaU 
mia  in  never  possessing  a  greater  than  the  typical  number 
(20)  of  somites,  though,  in  some  members  of  the  group,  the 
body  is  composed  of  fewer  somites,  in  consequence  of  the 
abortiye  or  rudimentary  condition  of  the  abdomen.  Eyes 
may  be  absent ;  when  present,  the^  are  usually  simple,  and 
are  either  sessile  or  seated  upon  immoveable  peduncles 
{Munna).  The  antennules  almost  disappear  in  the  terres- 
trial Isopoda,  while  the  antexmse  become  rudimentary  or 
vanish  in  some  Am/phipoda,  The  mandibles  lose  their  palps 
in  the  Woodlice ;  which  thus,  as  in  the  presence  of  only  one 
pair  of  well-developed  antennary  organs,  approach  Insects. 
Ordinarily,  the  posterior  seven,  and,  at  fewest,  the  poste- 
rior four,  thoracic  somites  are  perfectly  distinct  from, 
and  freely  moveable  upon,  one  another.  The  ophthalmic 
and  antennary  somites  have  coalesced  with  the  rest  of  the 
head;  the  branchisB  depend  from  the  thoracic  limbs,  or 
are  modifications  of  the  abdominal  appendages;  and  the 
heart  is  elongated  and  many-chambered.  But  the  salient 
characters  of  the  group  will  be  best  understood  by  the 
study  of  such  a  genus  as  AmphUho'et  the  principal  details 
of  the  organisation  of  which  are  represented  in  Fig.  81. 

The  body  of  this  animal  is  compressed,  bent  upon  itself, 
and  divided  into  fifteen  very  distinct  segments,  reckoning 
the  head  as  the  first  and  the  telson  as  the  last. ' 

The  head  presents  a  rounded  tergal  surface ;  the  anterior 
face  is  disposed  perpendicularly  to  the  axis  of  the  body,  and 
is  produced  anteriorly  into  a  strong,  curved,  and  pointed 
rostrum ;  on  each  side,  it  bears  an  aggregation  of  simple 
eyes,  and,  in  front,  inmiediately  beneath  the  rostrum,  this 
face  gives  attachment  to  two  long,  many-jointed  anten- 
nules. Below  these,  two  antennsB,  shorter,  and  fewer-jointed 
than  the  antennules,  are  inserted,  and  the  inferior  part  of 
the  face  is  completed  by  a  large  moveable  labrum.    Behind 
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come  the  BtTong,  toothed  pftlpigflrooB  ni».TiiHt>l»»a  (TV), 

Fig.  «1. 


Pig.  81,— ^mpiitho^.—Tfaa  letten  ■□!]  fignrw  hne  tha  nme  slgnlflca- 
Uon  ■■  in  athat  figuret  of  Cnutacu  except  ot,  ooateglta.  Br. 
imnchln.  C.  Lateral  view  of  lUimMh  (D)  opeasd  ttWB  sbore, 
a,  b,  c.  Diffbreat  pvU  of  the  armalim, 

and  two  pairs  of  more  or  less  foliaoeons  maxilke.    Inu* 
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mnoH  w  the  eyee  are  sessile,  these  five  pairs  of  appendages 
are  all  that  belong  to  the  head  proper ;  but»  just  as  in  the 
Podophthalmia,  certain  of  the  anterior  thoracic  appendages 
are  conyerted  into  aocessoiy  gnathites,  so,  in  AmphUhoe, 
the  first  pair  of  these  members  are  applied  against  the 
month,  and  form  a  large  lower  lip  ( YII')* 

The  "head"  of  ^mp^t^Aoe,  therefore,  is  formed  by  the 
coalescence  of  the  seven  anterior  somites'  of  the  body ;  but 
I  believe  that  the  terg^um  of  the  seventh  (or  first  thoracic) 
somite  is  obsolete,  as  in  a  Stomatopod,  and  hence  that  the 
tergal  surface  of  the  head  of  the  Edflriop]dh4ilnma  corre- 
sponds exactly  with  the  cephalostegite  (or  that  part  of  the 
carapace  which  lies  in  front  of  the  cervical  groove)  in 
PodopMluilmiia,  Mr.  Spence  Bate  has  shown,  in  his  valu* 
able  '  Beport  on  the  Edflrwphihalmia,'  that,  in  the  OnuAaoea 
at  present  under  discussion,  a  strong  apodeme  arises  on 
each  side  from  the  posterior  part  of  the  sternal  region  of 
the  head,  and  passing  inwards  and  forwards  meets  with  its 
fellow,  to  form  an  endophragmal  arch,  which  supports  the 
oesophagus  and  stomach,  and  protects  the  nervous  com- 
missure between  the  first  and  second  sub-oesophageal 
ganglia,  which  runs  under  it. 

The  discoverer  of  this  structure  conceives  that  it  repre- 
sents the  terga  of  the  three  somites  immediately  succeeding 
the  mouth ;  but  I  cannot  see  that  it  is  other  than  the  re- 
presentative of  the  precisely  similar  mesophragm  formed 
by  the  anterior  apodemes  in  Astaeus,  In  fact,  the  corre- 
spondence in  structure  between  the  head  of  an  AmphiOioe 
and  the  cephalic  portion  of  the  cephalo-thorax  of  Agtaeus 
is  not  a  little  striking.  There  is  the  same  sternal  flexure, 
the  same  relative  position  of  the  stomach,  and  of  the  inser- 
tions of  the  mandibular  musclw.  The  great  difference 
lies  in  the  abortive  condition  ox  the  ophthalmic  appen- 
dages.* 

*  ▲  strong  endophngmal  arch  ent  connexions  (Fig.  88).    A  very 

separates  the  sub-cBsophageal  gan-  similar  endophraffmai  ansli  is  found 

glia  and  commissares  from  tlie  in  the  InsectncHuT.  Seethedesorip- 

guUet  in  Sptiilay  but  bat  differ-  tion  of  the  bead  of  Blatta  {mfra). 


302       THE  ANATOMT  OF  INYBBTBBSATED  ANIMALS. 

The  seven  free  somites  of  the  thorax  each  give 
attachment  to  a  pair  of  limbs.  It  is  characteristic  of 
AmphUhoe,  as  of  the  Amphipoda,  in  general,  to  have  the 
five  anterior  pairs  of  thoracic  members  directed  for- 
wards. Each  Hmb  consists  of  an  expanded  coxopodite, 
succeeded  by  the  other  six  joints  of  the  typical  crustacean 
limb. 

In  the  male,  a  single  vesicular  lamella,  the  branchia,  is 
attached  to  the  inner  side  of  the  coxopodite  of  the  appen- 
dages of  the  ninth  to 'the  fourteenth  somites  inclusively; 
but,  in  the  female,  an  additional  plate,  convex  externally 
and  concave  internally,  is  attached  above  and  internal  to, 
the  branchia  of  the  9th  to  the  12th  somite.  These  oosie- 
gUes,  as  they  may  be  called,  enclose  a  cavity  in  which  the 
incubation  of  the  eggs  takes  place. 

The  abdomen  consists  of  six  somites  and  a  very  email 
terminal  telson.  The  appendages  of  the  three  anterior 
somites  are  terminated  by  two  multiarticulate  setose  fila- 
ments (Fig.  81,  XY')  while  in  the  three  posterior,  the  corre- 
sponding parts  are  stylif orm,  and  serve  as  a  fulcrum  for  the 
abdomen  when  the  animal  leaps,  by  the  sudden  extension 
of  that  region  of  the  body. 

The  EdriophthcUvma  are  ordinarily  divided  into  three 
groups.  The  Amphipoda,  which  resemble  Amphiihoe,  are 
characterised  by  their  compressed  form  and  their  ordinarily 
saltatory  habits ;  by  having  thoracic  branchiae ;  by  the  for- 
ward direction  of  their  four  anterior  locomotive  limbs  (2nd 
to  5th  pairs  of  thoracic  appendages),  and  by  the  contrast 
between  the  three  anterior  and  the  three  posterior  pairs  of 
abdominal  appendages.  The  common  Sand-hopper  is  the 
most  familiar  example  of  this  division.  The  second  group 
is  that  of  the  LcBmodipoclfL,  distinguished  by  the  rudimen- 
tary state  of  the  abdomen,  which  is  reduced  to  a  mere 
papiUa,  and  by  the  coalescence  of  the  second,  as  well  as  the 
first,  thoracic  somite  with  the  head,  so  that  the  anterior 
limbs  appear  to  be  as  it  were  suspended  under  the  neck. 
The  strangely  formed  genera  Cyamua,  the  parasite  of 
whales,  and  CapreUa,  which  is  very  common  upon  our  own 
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cooat,  adhering  to  coraUmes,  sea-weeds  and  atarfish,  belong 
to  this  group. 

The  Iiopoda,  whicli  conetitnte  the  third  g^ap  of  the 
Bdirio]^UhahiUa,  are  usually  depressed  instead  of  oom- 
preaaed,  and  ran  or  crawl  instead  of  leaping.    Many,  like 

Fig.  83. 


fr 


the  common  Woodlonae  (Oniaeui),  possess  the  power  of 
rolling  themselves  into  a  ball  when  alarmed ;  some,  like 
the  laat-named  genne,  are  terrestrial;  others,  like  tbe 
AteUtu,  inhabit  freah  waters,  but  the  great  majority  are 
marine;  and  among  them  are  many  peculiarly  modified 
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paraBitio  forms  (Fig.  82,  Cymothoa ;  Bopyrue).  The  com* 
position  of  the  head  and  month  in  the  laopoda  is  essentially 
the  same  as  in  the  AmplUpoda,  though  differing  consider- 
ably in  details.  The  branchis  of  the  thoracic  members 
are  absent,  their  functions  being  performed  by  the  endo- 
podites  of  some  of  the  abdominal  members,  which  are  soft 
and  vascular.  The  three  anterior  pairs  of  thoracic  members 
are  usually  directed  forwards — the  four  posterior  pairs  back- 
wards. In  some  Isopoda  the  abdominal  somites,  partly  or 
wholly,  coalesce  with  one  another. 

In  all  the  EdricphihaJmvia  the  alimentary  canal  is  straight 
and  simple,  and  its  anterior  gastric  dilatation,  frequently 
strongly  armed,  is  situated  in  the  head.  The  liver  is  repre- 
sented by  a  variable  number  of  straight  caeca. 

Occasionally  there  are  one  or  two  cseca  which  open  into 
the  posterior  part  of  the  intestine,  and  appear  to  be  uxinaiy 
organs  analogous  to  the  Malpighian  cssca  of  insects. 

The  respiratory  organs  vary  greatly  in  structure.  In  most 
EdriopMhalmia,  they  are  simple  plates  or  sacs,  the  delicacy 
of  the  integument  of  which  permits  of  the  free  exposure 
of  the  blood  circulating  in  them  to  the  air.  In  the  amphi- 
pod  genus  Phrodna,  however,  the  branchisB  are  composed 
of  rudimentary  lamellae,  attached  to  an  expanded  stem,  and 
resemble  not  a  little  the  epipoditio  branchiae  of  Agtacus, 
In  some  &ph(sromidcB,  Duvemoy  and  Lereboullet  found  the 
branchial  endopodites  transversely  folded,  so  as  to  approach 
those  of  the  Xiphowra. 

The  exopodites  of  the  abdominal  members  of  the  Isopoda 
frequently  cover  the  modified  endopodites,  forming  opercula, 
and  the  first  pair  of  abdominal  Hmbs  is,  in  many  genera, 
altered  in  such  a  manner  as  to  form  one  such  large  oper- 
culum for  the  four  pairs  which  succeed  it.  In  the  Idoteidm 
it  is,  on  the  other  hand,  the  sixth  pair  of  abdominal  limbs 
which  are  so  modified  as  to  form  the  curious  door-like  oper- 
cula which  cover  the  gills. 

In  certain  of  the  terrestrial  Isopoda,  {PoreeUio,  Amui' 
diUidium,)  some  of  the  opercular  plates  of  the  branchisB, 
usually  the  two  anterior  pairs,  contain  curiously  ramified 
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cavitiee,  whioh  open  extem&lly,  and  contain  air.  The  genns 
l}ylo€  poseesses  respiratorj  organs,  whioh  present  a  still 
more  interesting  approximation  to  those  of  the  purely  air- 
breathing  ArUeulata,  They  are  thus  described  by  Milne- 
Edwards: — 

'^The  abdomen  presents  inferiorly  a  deep  cavity,  very 
similar  to  that  of  the  SphcBroma,  in  which  the  fiye  anterior 
pairs  of  appendages  are  lodged;  but  this  cavity,  instead  of 
being  completely  open  below,  is  imperfectly  closed,  in  its 
posterior  half,  by  two  series  of  lamellar  prolongations,  which 
arise  from  the  sides  of  the  inferior  faces  of  the  third,  fourth, 
and  fifth  abdominal  segments,  and  pass  horizontally  in- 
wards ;  the  first  pair  of  these  plates  is  small,  those  of  the 
third  pair  are,  on  the  other  hand,  very  wide,  and  almost 
meet  in  the  median  line.  The  four  anterior  pairs  of  abdo- 
minal appendages,  lodged  in  this  cavity,  each  carry  a  wide 
and  short  quadrilateral  appendage,  the  surface  of  which 
is  raised  into  a  transverse  series  of  large  longitudinal  eleva- 
tions, and  each  of  these  elevations  presents  inferiorly  a  linear 
aperture  leading  to  a  respiratory  vesicle,  the  parietes  of 
which  are  covered  with  a  multitude  of  little  arborescent 
csBca.  These  vesicles  when  extracted  from  the  interior  of 
the  limb  closely  resemble  a  brush-like  branchia,  having  its 
longitudinal  canal  in  communication  with  the  atmosphere 
by  a  longitudinal  stigma.  The  fifth  pair  of  abdominal 
members  are  rudimentary,  while  the  sixth  constitute  the 
door-like  triangular  valves  covering  the  anus,  and  all  the 
inferior  face  of  the  last  abdominal  segment."  * 

The  nervous  system  in  the  Amphipoda  consists  of  snpra- 
oesophageal  or  cerebral  ganglia,  united  by  commissures  with 
an  infra-cBSophageal  mass,  whence  commissural  cords  pass 
under  the  endophragm  to  the  anterior  of  the  thoracic 
ganglia,  of  which  there  are  commonly  seven  pairs,  succeeded 
by  five  or  six  pairs  of  abdominal  gangHa.  In  some  Isopoda 
{Cymothoa,  Idotea)  the  abdominal  ganglia  are  also  distinct; 
but  in  others,  such  as  JEga  Hoarmaia  (according  to  Bathke), 
they  are  fused  into  a  single  mass  placed  in  the  anterior 

*  *Hittoire  Nsturelle  det  Crastacef,'  vol.  iii.  p.  187. 
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part  of  the  abdomen,  presenting  only  traces  of  a  division 
into  five  portions.  In  the  CymothoadoB  and  terrestrial 
Isopoda,  again,  the  abdominal  ganglia  appear  to  have  com- 
pletely coalesced  with  the  last  thoracic  ganglia  and  form 
a  mass,  whence  the  abdominal  nerves  radiate.  Finally,  in 
the  short-bodied  Ltemodipoda,  such  as  Cycvm/us,  there  are 
not  more  than  eight  pairs  of  post-cesophageal  ganglia, 
the  posterior  commissures  of  which  are  so  shortened 
that  the  nervous  system  ends  in  the  antepenultimate 
somite. 

Brandt  describes  splanchnic  ganglia  like  the  lateral  pair 
of  Insects  in  the  Oniscidm,  It  is  one  of  the  many  respects 
in  which  the  laopoda  simulate  Insecta, 

No  other  organs  of  sense  than  eyes  have,  as  yet,  been  cer* 
tainly  demonstrated  to  exist  in  the  Edriophihalmia,  though 
the  fine  sets  which  beset  the  antennary  appendages,  have 
been  supposed  to  be  organs  of  the  olfactory  sense.  The 
eyes  vary  in  their  structure,  from  the  simple,  more  or 
less  closely  aggregated  ocelli  of  LoBmodipoda,  and  of  many 
Isopoda  and  Amphipoda,  to  the  strictly  compound  eyes,  as 
complex  as  those  of  the  highest  Articulaia,  which  exist  in 
uS^a  and  in  Phrosina, 

The  female  genitalia  of  the  Edriophthdlfnia  consist  of  two 
simple  sacs,  the  ducts  of  which  usually  open  on  the  ventral 
surface  of  the  antepenultimate  thoracic  somite,  or  on  the 
bases  of  the  Hmbs  of  this  somite.  In  the  male,  one  or  more 
cflBca  on  each  side  constitute  the  testis,  which  ordinarily 
opens  on  the  last  thoracic  or  first  abdominal  somite,  in 
connexion  with  one  or  two  pairs  of  copulatory  organs  de- 
veloped from  the  anterior  abdominal  somites. 

The  eggs  of  the  ordinary  Edriophthalmia  usually  undergo 
their  development  in  the  chamber  beneath  the  thorax  en- 
closed by  the  oostegites  of  the  thoracic  appendages.  In 
most  cases,  the  young  differ  so  little  from  the  adults  that  no 
metamorphosis  can  be  said  to  take  place.  They  frequently, 
however,  want  the  last  thoracic  somite.  The  young  of  the 
parasitic  Edriophthahma,  such  as  Bopyru8,  Phryvus,  Cymo- 
thoa,  Oyatntu  and  the  HyperiwBj  on  the  other  hand,  are 
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widely  different  from  the  adults;  and  not  only  in  their 
metamorphosisi  but  in  the  small  proportional  size  and  less 
aberrant  form  of  the  male,  Bopyrue  and  Phryxua  recall  the 
parasitic  Capepoda. 

In  certain  Amphipods  (GommartM  locusta  and  DesmO' 
philtu)  the  vitellns  nndergoes  complete  division ;  while,  in 
cloeelj  allied  forms  {Crommarus  flwoiaiUia  and  pulex),  and 
still  more  completely  in  those  I»opoda  which  have  been 
studied,  the  part  of  the  yitellus  which  divides  into  blasto- 
meres,  becomes  more  or  less  completely  separated  from 
the  rest  immediately  after  f eoundationy  and  the  so-called 
partial  yelk  division,  take  place.* 

In  all  Edriophthdlmia,  the  development  of  which  has  been 
examined,  before  any  other  organs  appear,  a  cuticular  invest- 
ment  or  sac  is  formed,  which  is  eventually  burst  and  thrown 
off.  This  appears  to  represent  the  Naupliua  cuticle  of 
Mysis,  and,  in  close  relation  with  it,  are  peculiar  tergal 
structures,  such  as  the  bifid  lamellsB  of  AaeUtu  and  the 
unfortunately  named  **  micropyle  apparatus  "  of  other  EdrU 
ophthalmia. 

The  Edriophihalfma  are  not  abundant  in  the  fossil  state ; 
but  they  may  be  traced  back  as  far  as  the  later  Palseozoic 
strata  {Prosoponiaetts,  AmphipeUU), 

The  Stomatopoda. — Of  the  Stomatopoda  of  Milne- 
Edwards,  two  of  the  three  divisions,  the  Caridaides  and  the 
Bicuirasaes  have  since  foimd  a  place  among  the  Schizo* 
podous  Podophthalmia,  or  among  the  larvsB  of  certain 
Maerwra;  but  the  third,  the  Siomaiopodea  unicuirasses, 
comprising  Squilla,  Chmodactylus,  and  Caronis,  appear  to 
me  to  differ  so  widely  and  in  such  important  structural 
peculiarities,  not  only  from  the  Podophthahnia  proper,  but 
from  all  other  Crtutaeea,  as  to  require  arrangement  in  a 
separate  group,  for  which  the  title  of  8tomatopoda  may  well 
be  retained. 

*  E.  van  Benedeiiy'  Recherclies  tur  la  Composition  et  la  Signification 
de  rCEuf/  1870. 
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The  genera  named,  in  fact,  stand  alone  among  the 
Onuiaeea,*  in  that  the  ophtlialniia  and  BJitennnlar;  aomites 
are  complete  ringe,  more&ble  upon  one  another  and  the 


"^ 


Fig.  83.  —  Squilla  leabntauda.—A,  the  entire  bodj,  with  tbe  thorax 
■nd  abdomen  ia  looKlIudlnat  and  vertical  aection ;  B,  the  head  in 
Tertlcal  (eotioa.  l-XZ,  Eomites  of  which  the  b«ly  ia  eompaMd, 
I'-XX',  their  appendagea,  the  baies  of  most  of  wbich  are  alone  re- 
preeented.  AL,  alimentary  cinal;  G,ituiDBcb;  ^n.anoBi  C.beart; 
Or.  braachla  n,  gaagUa  and  their  eommtsauree.  B,  nntrnm  of  the 
carapace;  p,  the  paDia.  Pa,  endophragmat  aroh  The  fiftb  tho- 
racic appendigs  XI'  ia  figured  aaparalely. 

ontenn&Tj  eomite,  and  that  their  long  aLxia  ia  parallel  with 

*  UnleM  tbe  fi-eedom  of  the 
anterior  aegnient  of  the  head  la 
the  pamltOida  referred  to  above, 
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tbat  of  the  body,  bo  that  there  is  no  sternal  flexure.  Nnmerons 
pain  of  hepatic  csca  open  into  the  elongated  alimentaiy 
canal.  The  heart  again  ia  not  short  and  broad,  with  at 
most  three  pairs  of  apertures  and  confined  to  the  thoracic 
region,  as  in  th#  proper  PodophihaJmia ;  but  it  is  greatly 
elongated,  mnltilocular,  and  extends  into  the  abdomen.  The 
branchisB  are  plumes  attached  to  the  abdominal  members 
(Eig.  83,  A,  &r),  and«  so  far  as  I  have  been  able  to  ascertain, 
the  carapace  is,  in  all,  connected  exclnsivelj  with  the 
cephalic  somites.  This  is  particularly  well  seen  to  be  the 
case  in  SqmUa  scdbrioauda  (Fig.  88),  where  five  completely 
developed  posterior  thoracic  terga  can  be  counted,  nn- 
covered  by  the  short  carapace,  beneath  which  the  terga 
of  the  three  anterior  thoracic  somites  are  represented  by 
a  membrane  which  passes  forwards  to  be  reflected  into  the 
carapace. 

The  free  somites  of  the  thorax,  and  those  of  the  abdomen, 
in  this  species  and  in  the  StonuUopoda  generally,  are  so 
large  relatiyely  to  the  carapace,  that  the  latter  is  not  larger 
in  proportion  to  the  body  than  the  tergal  covering  of  the 
head  in  many  SdriophthalnUa,  with  which  order  the  Stoma- 
topoda  present  many  marked  affinities.  Indeed,  if  we  leave 
the  eyes  out  of  consideration,  the  organisation  of  the  8to- 
nuxtopoda  is  more  Edriophthalmian  (and  especially  Amphi- 
podan)  than  Podophthalmian.  The  five  anterior  pairs  of 
thoracic  members  are  tamed  forwards,  and  are  snbchelate. 
The  first  pair  are  small  and  slender.  The  second  pair  are 
the  largest  of  all,  and  have  the  characters  of  powerful 
prehensile  limbs,  the  terminal  carved  and  spinose  joint  of 
which  shuts  down  into  a  groove  in  the  penultimate  joint, 
as  the  blade  of  a  pocket  knife  does  into  its  handle.  The 
three  posterior  thoracic  limbs,  on  the  other  hand,  are  turned 
outwards,  and  terminated  by  an  endopodite  and  an  exopo- 
dite. 

8quiHa  lays  its  eggs  in  burrows  in  the  bottom  of  the  sea, 
which  the  onitniLla  inhabit.  The  earliest  condition  of  the 
free  larva  is  not  fully  known,  but  the  young  larv»  have 
a  single  eye,  and  the  hinder  thoracic  and  the  abdominal,* 
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appendages  are  not  derelopecL*  The  larv»  pass  into  forms 
which  under  the  names  of  Alima,  Eri6k0iy9,  and  SqmUer- 
iehihya,  were  formerly  considered  to  be  independent  genera. 
Glans's  inyestigations,  howerer,  have  rendered  it  probable 
that  the  two  latter  genera  are  simply  ianral  stages  of 
Chnodaetyhu,  and  that  AUma  is  a  larval  stage  of  SquiUa, 

*  Frits lfftll«r,  *  P6r  Dsnrln;  S««  sIbo  Claiu,  'Die  MctamorpboM 
der  SqaillidflB,'  IS7S. 


THE  ABACHNIPA.  371 


CHAPTEB  VIL 

THB  AIK-BBBATHING  ABTHBOPODA. 

Among  these  Arthropoda,  no  forms  absolately  deyoid  of 
limbs  are  at  present  known,  though  the  appendages  are 
reduced  to  two  pairs  of  minute  hooks  in  theTermiform 
parasite  Xrtn$ruaf«2a. 

The  AjtACHHiDA  have  pedif orm  gnathites,  and  the  least 
modified  forms  of  this  group  (the  Arihrogcuitra  or  Scorpions 
and  Pseudo-scorpions)  exhibit,  in  many  respects,  extra- 
ordinarily  close  resemblances  to  the  Meroatomata  among 
the  Onuiaeea. 

The  Abthbogastba. — ^The  anterior  part  of  the  body  of 
a  Scorpion  (Fig.  84)  presents  abroad  shield-like  tergal  plate, 
resembling  that  of  Eurypterus  in  form.  Two  large  eyes  are 
situated  one  on  each  side  of  the  middle  line  of  the  shield, 
while  smaller  eyes,  which  vary  in  number  according  to  the 
species,  are  ranged  along  its  antero-lateral  margins. 

Six  wide  plates,  representing  the  terga  of  as  many  somites, 
follow  the  anterior  shield,  and  are  connected  only  by  the 
soft  integument  of  the  sides  of  the  body  with  their  sterna. 
The  seventh  is  united  with  its  sternum  (xt)  posteriorly, 
while  the  five  following  terga  and  sterna  form  continuous 
rings,  which  constitute  the  joints  of  the  so-called  "tail." 
The  anus  is  situated  behind  the  last  sternum.  A 
moveable  terminal  piece,  answering  to  the  telson  of  a 
Crustacean,  which  is  swollen  at  its  base,  and  then  rapidly 
narrows  to  a  curved  and  pointed  free  end,  overhangs  the 
anus,  and  constitutes  the  characteristic  weapon  of  offence 

2b2 
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of  the  Scorpion.  Tfaia  sting,  in  fact,  coutaine  tiro  glands 
wMch  Becret«  a.  poiHonons  fluid,  and  their  duds  conTe;  it 
to  the  minute  aperture  aitaated  at  the  sharp  point  of  the 
organ.    On  the  sternal  enrface  of  the  bodj,  there  are  foor 


Fig.  84. — Scorpio  afer. — A,  tarni  and  B,  iMroil  viair  of  the  bod; ;  jU, 
ehellcene  ;  iv',  pedi)»]pi ;  v,  vi',  postcrin  p<dr  of  cephalic  appen- 
dagsi)  Tu',  vu^.ulciCoT  thoracic  limha;  n.ptcttnsa;  Sl,it4^; 
CM,  Mphalo-tbonx.    (After  Hilne-Edwardi  aod  Dugia.*) 

wide  and  long  sternal  plates  (xt-xrr),  which  conespond  with 

the  third,  fourth,  fifth  wid  sixth  of  the  free  terga.    Each  of 

these  bears  a  pair  of  obUqne  slite,  which  are  the  openings 

*  'B^na  Animal,'  lUuttratal  EdlUoD. 


of  the  respiratoiy  organs  (Fig.  85,  e).    The  sterna  of  the 
Pig.  81. 


Fig,  S5. — A  disgnm  of  ths  body  of  ■  Sooiploo,  the  mijority  of  thg 
■ppcudagea  being  remoTod :  a,  the  mouth ;  b,  the  alitnentar;  onid ; 
c,  tho  aaiu ;  d,  the  heart ;  (,  a  puLmonu^  wo ;  /,  the  position  of  ilM 
V8iitr«lg«nglioo»ted  cord  ;  y,  the  cerebral  gangliaj  T,  the  telaon. 
TIl-X^  the  Mvenlh  to  the  twenUeth  loaul*.  tV,  V,  Vl,  the  bual 
JolnU  of  the  pedlpalpl,  and  two  following  pvin  of  llmM. 

first,  and  Mcond  free  somitea  (iz,  x)  are  Ter;  unall ;  that  of 
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the  first  carries  the  yalTes  which  cover  the  genital  aperture ; 
that  of  the  second  bears  a  pair  of  very  curious  appendages, 
somewhat  like  combs,  which  are  termed  the  pectiries^  The 
nervous  trunks  which  enter  the  X)ectines,  are  distributed  to 
the  numerous  papillse  which  cover  them,  and  are  probably 
tactile  in  function.  Thus  there  are  twelve  somites  behind 
the  eye-bearing  shield,  and  none  of  these  are  provided  with 
appendages,  unless  the  pectines  be  such. 

The  truncated  anterior  extremity  of  the  body,  beneath 
the  shield,  is  formed  by  a  very  large  setose  labrxmi,  behind 
and  below  which,  in  the  middle  line,  is  the  extraordinarily 
minute  aperture  of  the  mouth  (Fig.  86,  M).  On  each  side 
of  it  is  attached  a  three-jointed,  pinoer-ended,  appendage, 
the  chelicera.  Behind  these  follow  the  pedipalpi,  large  che- 
late limbs,  the  stout  basal  joints  (XT')  of  which  lie  on  each 
side  of  the  mouth. 

The  following  four  pairs  of  appendages  are  seven-jointed 
ambxdatory  limbs,  each  terminated  by  three  claws.  The 
basal  joints  of  the  first  two  (V,  yi')  lie  behind  the  mouth,  the 
posterior  and  inferior  boundary  of  which  they  form,  and 
are  directed  forwards.  The  basal  joints  of  t^e  last  two 
(yii',  yiii')>  on  the  other  hand,  directed  inwards,  are  firmly 
united  together,  and  are  altogether  excluded  from  the  mouth. 

Thus  the  mouth  is  situated  between  the  labrum  in  front, 
the  bases  of  the  pedipalpi  and  those  of  the  first  two  pairs 
of  ambulatory  limbs,  at  the  sides  and  behind;  just  as  in 
Limuhu,  the  mouth  lies  between  the  labrum  and  the  basal 
joints  of  the  third*  fourth,  and  fifth  limbs,  which  answer  to 
the  mandibles  and  first  and  second  maxillie  of  the  higher 
Crustacea.  If  this  comparison  is  just,  there  is  one  pair  of 
pr89-oral  appendages,  which  exist  in  Idmvhus,  wanting  in 
the  Scorpion ;  and  the  diflference  between  the  two  may  be 
represented  thus : 

Z4muiu§,  Antennule.  Aotenna.    Mandible.    Maxilla  1.  Mazilla2. 

^  V  -^ 

Scorpio.  Chelicera.  Pedipalpus.     Leg  1.         Leg  2. 

Again,  if  the  eye-bearing  part  of  the  head  may  be  re* 
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garded  aa  ft  Bomite,  then  the  bod;  of  the  Soorpion,  like 
tliat  of  a  malocoetraeoiiB  crnstitceaii,  will  consut  of  twenty 
aomites  and  a  t«1son.  We  may  regard  the  siz  posterior 
HOmites  (zv-xz)  as  the  homologaes  of  thoae  which  eon- 
Btitnte  the  abdomen  in  the  cmatacean;  while  the  eight 
middle  somites  (tii-zit)  will  answer  to  thoM  which  enter  into 
the  thorax  of  ihe,latter ;  and  the  head  will  resemble  that  of  an 
iEdriophthalmian  with  one  pair  of  antennazy  organs  com- 
pletolj  Bapprceaed.  Upon  this  view,  the  eye-bearing  shield 
is  a  carapace  covering  a  oeph&lo-thoiaz,  into  which  the  two 
Fig.  M. 


Fig.  M.  —  Senvio.—VtTaetl  teotioD  of  the  a. 

cen;  /fr,  Ubmm;  H,  miMitti;  d,  pbaiTngeil  ■      ,      .       ,__,— 

Infn-tMDph^wl  guiglia ;  i,  (Moplutgiu  -,  i^  opening  «f  Um  uUtut 
dncU;  <,uil«tine;  U,  heart. 

anterior  bhoraoio  aomitea  only  enter.  Theae  are  followed 
by  aix  tree  thonuso  somites,  the  fonr  poatericv  of  which 
are  pnlmoniferona.  Bnt  no  trace  of  the  anppoaed  n ' 
antennary  appendage  has  been  met  with  in  the  embiyoi 
condition,  eo  that  the  alternatiTe  poaaibility  that  the  month 
is  ntaated  one  somite  further  forward  in  the  Scorpion 
than  in  the  Omstacean  mnBt  be  borne  in  mind.  ItisaTery 
inlensting  fact  that  Hetachnihoff  *  ha*  found  rudimente  of 
•  "  Batbtyologig  dM  S«npiiitii."  ('  Zeitechrlft  far  Wiu.  Zoologlc,' 
1871.) 
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limbs  on  those  somites  of  the  embxyo  Scorpion  on  which 
the  stigmata  are  situated,  a  circumstance  which  suggests 
the  suspicion  that  the  Scorpion  is  derived  from  some  form 
possessing  more  numerous  limbs. 

The  minute  oral  aperture  leads  ^to  a  small  pjriform 
laterally-compressed  sac  (Fig.  86,  a)  with  chitinous  elastic 
walls.  Muscles  pass  from  these  to  apodemes  of  the  sternal 
wall  of  the  head,  and  doubtless  act  as  diTaricators  of  the 
wall  of  the  sac.  As  the  Scorpion  sucks  out  the  juices  of  its 
prey,  it  is  probable  that  the  elastic  sac  acts  as  a  kind  of 
buccal  pump — the  nutritious  fluid  rushing  in  when  the 
sides  of  the  pump  are  separated,  and  being  squeezed  into 
the  QBSophagus  when  the  elasticity  of  the  walls  brings  them 
back  to  their  first  position.* 

The  oosophagos  (Fig.  86,  h)  is  an  exceedingly  narrow  tube, 
which  springs  from  the  tei^^  and  posterior  aspect  of  the  . 
■ac  just  mentioned,  trarerses  the  nervous  ring,  and  then, 
passing  obliquely  upwards  and  backwards,  enlarges  into  a 
dilatation  which  receives  the  secretion  of  two  large  salivary 
glands,  by  a  wide  duct  on  each  side.  The  alimentary 
canal  narrows  again,  and  becoming  a  delicate  cylindrical 
tube  which  widens  posteriorly,  passes  straight  through  the 
body  to  the  anus.  The  numerous  ducts  of  the  liver  open 
into  the  anterior  part  of  this  region  of  the  alimentary 
canal,  and  it  receives  two  delicate  Malpighian  tubuli. 

The  Uver  is  a  vast  follicular  gland,  which  occupies  all  the 
intervals  left  between  the  other  organs  in  the  enlarged  part 
of  the  body,  and  even  extends  for  some  distance  into  the 
narrow  posterior  somites. 

The  eight-chambered  heart  (Fig.  86,  H)  is  a  larger  and  more 
conspicuous  structure  than  the  alimentary  canal,  above 
which  it  lies,  in  a  pericardial  sinus  situated  in  the  middle 
line  of  the  tergal  aspect,  between  the  eye-bearing  shield  and 
the  tail ;  each  chamber  is  wider  behind  and  narrower  in  front, 
and  has  two  valvular  apertures,  by  which  blood  is  admitted 
from  the  pericardial  sinus  at  its  postero-hvteral  angles.    It 

•  Hnzley,  <*On  the  Mouth  of  the  Scorpion."  (*Quert.  Joom.  of 
MicroBoopical  Science,'  I860.) 
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gives  off  Bmall  lateral  arteries,  and  ends  in  front  and  behind 
inawide  aortic  tmnk.  Of  theee  the  anterior  is  larger  than 
the  ceeophagoB,  and  both  aortn  gire  off  branchea  nhioh  sre 
.dirtribated  widely  throngh  the  bodj,  A  large  tmnk  lies 
on  the  tergal  aspect  of  the  ganglionic  chain,  and  is  nnited 
with  the  anterior  dorsal  aorta,  bj  a  lateral  aortic  arch,  on 
each  aide  of  the  bodj.  The  reins,  on  the  other  hand,  are 
irr^;nlar  passages,  Uie  blood  of  which  is  carried  to  two 
c^trent  ptdmonary  mniuu,  one  for  each  set  of  reepiratoiy 

These  respirator;  organs  are  four  pairs  of  flattened  sacs, 
whiob  open  extemallj  bj  as  man;  stigmata,  on  the  sterna 
of  the  fonr  posterior  free  thoracic  somites  (Fig.  85,  xi-xiT) 


& 


Fig.  87. — A.,  pulmonaiT  isc ;  B,  reipliaCorf  leaflet*  of  ScorTtH  oeei- 
Mmu.   (After  Bbacbard.) 

in  fnmt  of  the  toil.  Each  lies  with  one  flat  side  sternal 
and  the  other  tergal,  in  front  of  its  stigma,  and  its  walls 
ore  so  folded  as  to  divide  its  oavitf  into  a  ronltitnde  of  sub- 
divisions, each  of  whioh  ojfens  into  the  common  chamber 
which commnnicat^s  with  the  exterior b;the  stignia(Fig.87). 
The  organ,  in  tact^  somewhat  resembles  &  porte-mtmnaie 
with  man;  pockets.  The  blood  circTila4«a  in  the  folds  and, 
after  being  thus  exposed  to  the  influence  of  the  air,  is 
carried  b;  efferent  ptUmonary  nniue*  to  the  pericardial  sinns . 
Expiration  is  effected  bj  mtiscles  which  pass  rerticallj  be- 
tween the  sterna  and  terga  of  the  free  aomites. 

The  bilobed  cerebral  ganglion  supplies  nerves  to  the  e^es 
and  ohelicerte,  and  is  connected  bj  thick  oonmussares  with 
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the  poBt-oBsopliageal  ganglion,  a  large  oval  mass,  wlienoe 
brandies  are  given  to  the  itiaxiUm  and  following  somites. 
A  long  cord  formed  by  two  closely-applied  commissures 
passes  to  the  three  ganglia  placed  in  the  twelfth  to  the 
fonrteenth  somites.  There  are  four  ganglia  in  the  ab- 
domen, two  distinct  cords  passing  from  the  last  to  its 
extremity.  The  visceral  nervous  system  is  represented  by 
an  ooBophageal  ganglion  receiving  roots  from  the  cerebral 
ganglion,  and  giving  branches  to  the  alimentary  canal.* 

Two  lateral  ovarian  tubes,  connected  by  transverse  ana- 
stomoses with  a  median  tube,  end  in  two  oviducts,  which 
open  by  a  fusiform  vagina  on  the  first  free  sternum  (ix). 
The  tubular  testes  end  in  a  pair  of  deferent  ducts,  on 
which,  before  their  union  at  the  common  orifice,  two  long 
and  two  short  cseca  are  found,  the  former  playing  the 
part  of  vesiculffi  seminales.  Both  male  and  female  organs 
lie  imbedded  in  the  hepatic  mass  in  the  posterior  thoracic 
region,  their  ducts  passing  forwards.  Partial  yelk-division 
takes  place,  and  the  ova  undergo  development  within  the 
ovarian  canals,  in  a  manner  which  is  veiy  similar  to  that  of 
Astcume,  Thus  there  is  no  metamorphosis,  and  the  young 
differ  but  little  from  the  adult  in  any  respect  but  size. 

The  Pseudo-scorpions  {Chelifer,  Ohisium)  resemble  the 
Scorpions  in  form  and  in  the  nature  of  their  appendages, 
but  they  have  no  aculeate  telson  nor  poison  gland.  They 
possess  silk-glands  which  open  close  to  the  genital  aperture, 
and  their  two  pairs  of  stigmata  are  connected,  not  with 
pulmonary  sacs,  but  with  tracheal  tubes.  According  to 
Metschnikoff,  the  eg^  undergo  complete  yelk-division,  and 
the  young  leave  the  egg  provided  only  with  that  pair  of 
appendages  which  become  the  pedipalpi. 

In  the  number  of  the  appendages,  and  in  the  segmentation 
of  the  abdomen,  Cfaleodes  (or  Bolpuga)  agrees  with  the 
Scorpions  and  Pseudo-scorpions.  But  the  three  somites 
which  bear  the  three  hinder  pairs  of  ambulatory  limbs 

*  Newport,  ''On  the  struc-  and  Moorarona  Antchnids.** 
ture  &o.,  of  the  nervous  and  cir-  ('  PhiloBopbical  Transactions,' 
dilatory  systems  in  Hyriapoda      1843.) 
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(VI,  vn,  Tm  in  the  Scorpion]  retain  their  distinctnese,  and 
there  ia  no  cephalo-thorfti,  in  the  proper  eenee  of  the  word. 
In  form  and  fonction  the  pedipalpe  reaemble  the  fint  pair 
of  tunbnlatoTy  limbs,  while  the  chelioeree  ore  snbclielate. 
The  organs  of  respiration  are  tracheal 

The  Fhalanffida  {PhaloTiffium,  OomiUptiu)  hare  chelate 
chelioene,  bnt  the  pedipalps  are  filiform  or  limb-like,  and 
the  articulated  abdomen  ia  relatively  short  and  broa^ 
They  have  no  Bilk-glanda,  and  their  reepir&toiy  organs  are 
tracheal. 

Fig.  8S. 


Fig.  6%.—trygaIe  anneiitorio.— A  female  of  On  ii»tar»l  aln;  At,  chelt- 
cena ;  n',  iwdJpalpi ;  t*,  vi*,  muilUr;  fegt ;  tii'.  viii',  tboncie  feet ; 
CO,  oeplulo-tlioru  ;  B,  the  leat  joint  of  the  pedlpelpiu  of  (he  male 
touch  magnlSed;  C,  terminal  joint  of  Ihe  ohelicera  At,  with  the 
poiion  gland;  D,  the  left  pulmonary  loo  viewed  from  iti  donal 
B*pe«t;  Sip.  adgma;  J'n,  pulmunery  lainells  ;  E,  the  two  araohni- 
dlai  mammUic  of  the  left  aide,  the  imaller  ^1  ia  eitnated  on  the 
bBM  of  the  large  one  ^3.     (Afler  Dugei, '  B£gDe  Animal.*) 

While  the  laat-n>entioned  forms  lead  from  the  Arihro- 
godra  to  the  Aearina,  the  pnlmonate  Phrynidie,  or  Soorpion- 
spiders  [Theij/phmuu,  Phryniu),  are  in  many  reepects  inter- 
mediate between  the  Arthrogtutra  and  the  Arfmeina. 

1^  AsAiiiEiirA. —  The  Spiders  stand  in  somewhat  the 
same  relation  to  the  Scorpions,  as  the  brachynrons  to  the 
macmrooB  Oruriaoea.    That  part  of  the  body  whioh  liea 
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behind  the  oephalo-thorax  and  answers  to  the  free  somites 
of  the  body  of  Scorpio  is  swollen,  and  presents  no  distinct 
division  into  somites. 

The  chelicereB  are  subchelate,  that  is  to  say,  the  distal 
joint  is  folded  down  upon  the  next,  like  the  blade  of  a 
pocket  knife  upon  the  handle.  The  duct  of  a  poison  gland, 
lodged  in  the  cephalo-thorax,  opens  at  the  summit  of  the 
terminal  joint.  The  pedipalpi  are  filiform,  and,  in  the 
males,  their  extremities  are  converted  into  singular  spring 
boxes,  in  which  the  spermatophores  are  received  from  the 
genital  apertures  and  conveyed  to  the  female  (Fig.  88,  B). 

The  pulmonary  sacs,  two  or  four  in  number,  are  similar 
to  those  organs  in  Scorpio,  and  are  placed  in  the  anterior 
part  of  the  abdomen ;  a  tracheal  system  is  also  present,  a 
pair  of  sternal  stigmata,  situated  either  behind  the  pulmonary 
saos,  or  at  the  end  of  the  abdomen,  leading  into  two  more 
or  less  branched  tubes.  There  is  a  complex  pharyngeal 
apparatus,  probably  having  the  same  function  as  in  Scorpio,* 
The  stomach  gives  off  csecal  prolongations  which  may 
extend  far  into  the  limbs.  There  is  usually  a  dilated  short 
rectum,  into  which  the  branched  Malpighian  ducts  open. 
The  nervous  system,  more  concentrated  than  that  of  the 
Arthrogastra,  is  reduced  to  a  supra-OBsophageal  ganglion  and 
a  single  post-cesophageal  mass,  with  four  indentations  on 
either  side.  There  are  six  or  eight  simple  eyes  in  the 
anterior  part  of  the  carapace.  Auditory  organs  have  not 
been  discovered  in  these  or  any  other  Arachnida, 

One  of  the  most  characteristic  organs  of  the  Araneina  is 
the  ariichnicUum,  or  apparatus  by  which  the  fine  silky  threads 
which  constitute  the  web,  are  produced.  H.  Meckel,t  who  has 
fully  described  this  apparatus  as  it  occurs  in  Epeira  diadema, 
states  that,  in  the  adult,  more  than  a  thousand  glands, 
with  separate  excretory  ducts,  secrete  the  viscid  material, 

*  Lyonet's  "  Anatomie  de  diffe-  palps  of  the  male  spiders, 

rentes  esp^ces  d'Insectes"  0  Mem.  f  **  Mikrographie  einiger  Drxi- 

du  Museum  d'HistoireNaturelle,'  sen  -  apparate      der      niederen 

1829)  contains  an  elaborate  ao-  Thiere.'^  (Muller's  Archiv,  1846.) 

count  of  this  apparatus,  as  well  See  also  Buchholx  and  Landois. 

as  of  the  structure  of  the  pedi-  (Ibid.,  1868.) 


wbich  when  expoeed  to  the  air,  hardetiB  into  Bilk.  These 
glands  are  divisible  into  five  different  kinds  (acinifonn, 
Ampiillate,  aggregate,  tabnlifonn,  and  taberouH),  and  their 
dacta  ultimatel;  enter  the  mx  prominent  arachnidial  mom- 
miilte,  which,  in  this  species,  project  from  the  hinder  end  of 
the  abdomen.  The  anperior  and  inferior  mBtnTni'Dip  g^e 
three-jointed,  the  middle  one  is  two-jointed.  Their  terminal 
Ftg.  89,  4.  Fig.  89,  B. 


Fig.  89,  A Ifygaie  BUmdit  (kftBT  BiuiolArd>— Tli«  itomwh  with  iU 

ctBoa,  and  the  remslDder  of  the  aiimentuy  ouui  with  tha  liTor  and 
Malplghiu  tnbei. 

Fig.  89,  B.— The  heart  and  artaimi  tmscI*  of  tha  lams. 

faces  are  tnmcated,  forming  an  aiea  beset  with  the  minnte 
araehnidial  fopiito  by  which  the  secretion  of  the  glands  is 
poured  out. 

The  males  are  smaller  than  the  females,  and  their  ap- 
proaches to  the  latter  are  made  with  extreme  caution,  as 
the;  nm  the  risk  of  being  deroored ;  extending  their  pedi- 
palps,  the;  deposit  the  ■permatophoree  in  the  female  genital 
apertnxe,  and  betake  tbenuelTts  to  flight 
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The  JrimeHKi  are  OTipanniB,  but  the  derelopment  of  the 
einibi70  takes  place  aa  in  the  Arihrogagtra,  &nd  there  ia  do 
metamorphiMu.* 

The  AcASiNA. — Zn  the  Mitea  and  Ticks,  the  hinder 
somitee  are,  as  in  tlie  Spiders,  distinctlj  aeparated  from  one 


[(,  female  (uter  F4geniteoher).f  — a,  maiidlbalar 
if  Um  jaotmeeu ;  ff,  idg- 


•  CUpuMe,  "Recberebes  tur      1BT3. 
rE*D[uUoD  de*  AnUgDMa,"  186!.  t  '  Aulomle  der  Hilben,' IStO. 

Aim  BdUanl,' Ann.  4m  B«.  Ku.' 
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The  bases  of  the  cbelicem,  and  of  the  pedipalpi,  coalesce 
with  the  labrom,  and  give  rise  to  a  snctorial  rostrnin  (Fig. 
90). 

There  are  nsnallj  seyeral  gastric  csMsa,  but  no  distinct 
lirer.  Salivary  glands  occur  in  some,  and  Malpighian  csdca 
are  occasionallj  found.  No  heart  has  yet  been  discoyered. 
Special  respiratory  organs  are  sometimes  wanting  {e,  g. 
Sarcoptes) ;  when  present,  they  are  tracheal  tabes,  springing 
brash-wise  from  a  common  trunk  which  opens  by  a 
stigma.  The  stigmata  are  nsoally  two,  sometimes  anterior 
and  sometimes  posterior  in  position.  The  ganglia  of  the 
nervons  system  are  concentrated  round  the  gaUet,  as  in  the 
Spiders;  and  the  reprodnctive  aperture  is  situated  far 
forwards,  sometimes  close  to  the  rostrum. 

The  greater  number  of  the  Acarina  are  parasites  upon 
other  animal H  or  upon  plants. 

Most  are  oviparous,  but  the  OrihatidcB  are  viviparous. 
The  course  of  the  development  of  the  embryo  is  the  same  as 
in  the  Spiders.  The  young,  when  born,  are  frequently  pro- 
vided with  only  three  pairs  of  ambulatory  limbs,  the  fourth 
pair  making  its  appearance  only  after  ecdysis  has  occurred. 

In  some  Acarina,  a  singular  kind  of  metamorphosis  occurs. 

Thus,  in  ilioo;  BoTm,  Glapar^de*  observed  that,  before  the 
Umbs  appear  on  the  blastoderm,  a  chitinous  cuticula  is  sepa- 
rated and  forms  an  envelope,  which  he  terms  the  **  sac  of 
the  deutovum."  The  proper  vitelline  membrane  bursts 
into  two  halves,  much  as  in  Lmvius,  and  the  deutovum 
emerges.  In  the  meanwhile,  the  anterior  end  of  the  blasto- 
derm becomes  fashioned  into  two  procephalic  lobes;  while  five 
pairs  of  tubercles,  answering  to  the  Rudiments  of  the  cheli- 
cere,  pedipalpi,  the  two  posterior  gnathites,  and  one  pair  of 
thoracic  limbs  of  the  Spiders,  make  their  appearance  beneath 
the  sac  of  the  deutovum.  The  rudiments  of  the  chelicers 
and  pedipalpi  apply  themselves  together,  and  coalesce  into 
a  proboscis.  Thns  the  first  larval  form  is  completed.  It 
tears  the  psendoval  sac,  emerges,  and  buries  itself  in  the 

*  ^Ptuaien  an  Acariden."  (*  Zeitschriffc  i^  Wiss.  Zoologie/ 
1868.) 
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branchisB  of  tlie  freshwater  mussel  (Unto),  npon  wlucb  it 
is  parasitic.  The  cuticnlar  investment  of  the  first  larva 
now  becomes  distended  by  absorption  of  water,  and  forms 
a  globular  case,  the  limbs  being  drawn  out  of  their  sheaths. 
The  second  larval  stage  completes  itself  within  the  sac 
formed  by  this  singular  ecdjsis.    The  two  palpi  are  deve- 

Fig.  91. 


Fig.  91,—Ammothea  pyeno^noideay  female  (after  Qaatrefagea).->a, 
oesophagoa ;  dL  antennae ;  &,  stomach  with  its  prolongation  into  the 
antenna  and  limbs  e  ;  c,  rectum. 

loped  from  the  pedipalpal  portion  of  the  proboscis;   two 
homj   hooks  from  the  chelioeral  portion;    and*  finally, 
the  hinder  pair  of  thoracic  limbs  is  added.     This  second 
larva  gradually  passes  into  the  adult  Atom, 
'  In  the  Acarus  [Myobia  eoarctata)  of  the  Mouse,  Olaparede 
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ol)flerved  that  the  dentovam  stage  is  followed  by  a  tritoYHxn ; 
the  cliitinoTifl  sac,  which  inyestB  the  embryo  within  the 
deutoYum,  apparently  representing  the  cuticle  of  the  first 
larva  of  Atax.  In  this  case,  it  presents  a  parallel  to  the 
Nauplvus  cuticle  of  Mysis, 

The  Arthrogastra,  the  Arcmeina  and  the  Acarina  (with 
some  doubtful  exceptions  among  the  latter)  possess  the 
same  number  of  appendages,  and  do  not  differ  from  one 
another  so  much  as  do  the  different  forms  of  the  Copepoda, 
among  the  Crustacea.  But  the  remaining  groups  which 
are  usually  included  among  the  Arachnida;  namely,  the 
Pycnogonida,  the  Aretiaca,  and  the  PenUuiomidai  diverge 
widely  from  the  Arthrogastra  and  the  Araneina,  though 
each  exhibits  certain  approximations  to  the  Acarina, 

The  Ptcnogonida. — ^These  are  marine  animals  with 
short  bodies  terminated  in  front  by  a  rostrum  like  that  of 
the  Mites,  but  with  a  mere  tubercle  in  place  of  the  pos- 
terior thoracic  and  abdominal  somites.  The  adult  has  four 
pairs  of  enormously  elongated,  many-jointed  ambulatory 
limbs,  in  front  of  which  are  three  pairs  of  short  appen- 
dages, the  anterior  of  which  may  be  chelate,  while  the 
posterior  are  more  or  less  rudimentary  (Fig.  91). 

The  alimentary  canal  sends  off  very  long  csBca  into 
the  legs.  There  is  a  short  heart,  but  no  distinct  respi- 
ratory organs  exist.  A  cerebral  nervous  mass  is  con- 
nected with  a  ventral  chain  of  four  or  five  pairs  of  ganglia. 
Four  eyes  are  seated  upon  a  dorsal  tubercle  above  the 
brain.  The  sexes  are  distinct,  and  the  testes  and  ovaria 
are  lodged  in  the  legs  and  open  upon  their  basal  joints. 

The  embryo  emerges  from  the  egg  as  a  larva  provided 
with  a  rostrum,  and  with  three  pairs  of  appendages,  which 
represent  the  short  anterior  three  pairs  in  the  adult.*  The 
four  pairs  of  great  limbs  of  the  adult  are  produced  by  out- 
growths from  a  subsequent  posterior  elongation  of  the 
body. 

*  A.  Dohm,  '  TTntersnchungen  fiber  Bsa  luid  Entwiokeliing  der 
Aithropoden.'    Erster  Heft.    1870. 

2  0 
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The  compariBon  of  the  embryoa  of  the  Pyenogonitla  with 

thoBe  of  the  AeariTia,  especiallj  mch  aa  leave  the  egg  with 

three  pairH  of  appendageB,  appears  to  me   to  leave  little 

Fig.  92. 


Fie.  Bi.—Maerobiotui  Sehvaiei  (  X  100). —a.  nfulb  vith  «ix  oral  papiltc ; 
,    i,  gullet,  csalcified  atyleU:  c,  HllTaiygUndi ;  if,  miucularpbarvox; 

',  ovuy ;  f  vnioula  Mminmlli ;  a,  teatii :  1,  2,  3, 1,  limbi.     (After 

QreaC*) 

doubt  that  the  roHtnun  of  the  larval  Fycnogowim  is  formed, 
as  in  the  Mitee,  bj  the  coalesced  repreBentativea  of  the 
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clielicerBB  and  pedipalpi.  If  so,  the  seven  other  pairs  of 
limbs  are,  bj  three  pairs,  in  excess  of  the  number  found  in 
ftnj  Arachnidan.  On  the  other  hand,  the  hezapod  larva  of 
the  Pycnogonida  differs  from  the  hexapod  Naujplius  of  the 
Crugtacea,  inasmuch  as  the  three  pairs  of  appendages  of  a 
UFaupUus  always  represent  antennaiy  and  mandibular  ap- 
pendages, and  these,  bj  the  hypothesis,  are  to  be  sought  in 
the  rostrum  of  the  Pycnogonida. 

The  fact  to  which  reference  has  already  been  made,  that 
the  embryo  Scorpion  has  six  pairs  of  rudimentary  appen- 
dages, attached  to  as  many  of  the  anterior  free  somites, 
of  which  one  pair  only  remain  (as  the  pectines)  in  the  adult, 
leads  me  to  suspect  that  the  Pycnogonida  may  represent  a 
much  modified  early  Arachnidan  form,  from  which  the 
Arthrogasira,  Araneidea,  and  Acaridea  have  branched  off. 

• 

The  Abctisca,  orTASDiosADA,  are  microscopic  animals, 
found  in  association  with  Botifera,  in  moss  and  in  sand, 
rarely  in  water,  which  present  many  points  of  resemblance 
to  the  Acarina,  The  body  (Fig.  92)  is  vermiform,  with  four 
pairs  of  tubercles  representing  limbs,  terminated  by  two 
or  more  claws.  The  fourth  pair  is  directed  backwards  at 
the  hinder  end  of  the  body,  so  that  if  these  appendages 
answer  to  the  hinder  pair  of  Umbs  in  the  typical  Araehnidat 
the  hinder  thoracic,  and  all  the  abdominal,  somites  are  un- 
developed. The  mouth  is  situated  at  the  extremity  of  a 
rostrum  provided  with  two  stylets,  which  is  so  like  that 
of  the  Acarina,  that  it  may  probably  be  regarded  as  formed 
by  the  coalescence  of  cheliceral  and  pedipalpaJ  tubercles. 
There  is  a  muscular  pharynx,  leading  into  a  wide  alimentary 
canal,  which  gradually  narrows  to  the  anus.  No  organs  of 
circulation  or  of  respiration  exist.  The  paired  ventral 
ganglia,  which  correspond  in  number  with  the  appen- 
dages, are  larg^.  They  are  connected  by  longitudinal 
commissures  with  one  another,  and  with  a  prsB-oesopha- 
geal  cerebral  mass  which  sometimes  bears  two  eyes. 
The  Arctisca  are  hermaphrodite,  the  ovarian  sac  and  the 
two  testes  opening  together  into  a  doacal  dilatation  in 

2  c  2 
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wUch  the  intestine  terminates.  The  ova  are  relativelj  Teiy 
large,  and  the  cuticle  of  the  parent  is  cast  off  and  encloses 
them  when  they  are  laid,  as  a  sort  of  ephippinm.  Com- 
plete yelk  division  takes  place.  The  joung  have  one-third 
the  size  of  the  adult  when  thej  are  hatched,  and  they 
undergo  no  metamorphoeiB,  bejond  the  addition,  in  some 
cases,  of  one  pair  of  limbs  after  birth.* 
The  FehtJlSTOJUIDA.^A  still  more  aberrant  form  is  the 
Fig.  9S. 


Fig.  93.— Pentattomum  tanioida.—A,  mtXe;   B,  female;  C,  Knterior 
_  end  of  the  Wy ;  a,  uit«rior  booka ;  b,  pMteHor  hooka ;  d,  mondi ; 
c,  TudtmeDtary  i»l[Mform  orguu.    (Aflei  Leuekut.) 

parasitic  IdnguatiUa,  or  PenUutomwn,  which  ia  found  in 
a  seilesa  condition  in  the  longs  and  liver  of  herbivorous 
mmn inula  and  of  reptiles,  and  in  the  aeiual  state  in  the 
nasal  cavities  and  maxillary  antra  of  Carnivores.  Thus, 
as  Ijenckart's  inveatigationa  have  proved,  Pmtcubnnum 
nalenatlsohe  SMIIang  dcr  Tax- 
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icenioides,  whicli  iiihabits  the  latter  cavities  in  the  Dog  and 
the  Wolf,  is  the  sexual  state  of  the  P.  denticuMum,  which 
occurs  in  the  liver  of  Hares  and  Babbits* 

The  PenUuiomida  are  elongated  vermiform  animals,  the 
bodies  of  which  are  divided  by  close-set  transverse  con- 
strictions into  numerous  short  segments-  At  first  sight,  they 
appear  to  be  entirely  devoid  of  appendages,  but,  on  careful 
inspection,  four  curved  hooks  are  found,  two  on  each  side 
of  the  mouth,  which  is  situated  rather  behind  the  anterior 
extremity  of  the  body.  Each  hook  is  solid,  and  its  base 
projects  into  the  cavity  of  the  body  and  gives  attachment 
to  the  muscular  bands  by  which  it  is  moved. 

The  mouth  is  surrounded  by  a  chitinous  ring ;  a  narrow 
oesophagus  leads  from  it  into  a  nearly  cylindrical,  straight, 


Fig.  94.— Embryo  of  Penlastomum  teaiioidei, 

alimentary  canal,  which  terminates  in  the  anus,  in  the 
middle  line  of  the  posterior  extremity  of  the  body.  A 
mesentery  is  attached  to  the  whole  length  of  the  alimentary 
canal  and  holds  it  in  place.  A  nervous  ring  surrounds  the 
oesophagus,  and  posteriorly  presents  a  ganglionic  enlarge- 
ment whence  nerves  are  given  off  to  the  body.  The  muscles 
are  striated.  The  sexes  are  distinct,  and  the  males  are 
usually  much  smaller  than  the  females. 

Hie  testicle  is  an  elongated  sac  which  lies  on  the  ventral 
aspect  of  the  intestine,  and  is  connected  anteriorly  with 
two  vasa  deferentia.  These  terhdnate  on  the  fore  part 
of  the  ventral  aspect  of  the  body,  each  having  a  saccular 

*  '  Baa  and  Entwickelungsgesobichte  der  Pentastomen,'  1860. 
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dilatation  whicli  contains  a  yeiy  long,  coiled,  chitinons  penis. 
In  the  female,  the  ovarj  is  also  a  large  sac  and  the  ovi- 
ducts come  off  from  its  anterior  end,  but  the  genital 
aperture  is  close  to  the  anus. 

The  OYa  undergo  their  development  in  the  ovary.  The 
embryos  are  oval,  but  taper  to  the  posterior  end.  In 
the  middle  line,  in  front,  are  three  sharp  protractile 
styles,  of  which  the  middle  is  the  longest.  Two  pairs 
of  articulated  limbs  are  attached  to  the  middle  of  the 
ventral  aspect;  each  is  terminated  by  a  double  hooked 
claw.  The  embryo  of  LinguaMa  thus  resembles  those 
of  the  Acarina,  on  the  one  hand,  and  those  of  such  parasitic 
Crustacea  as  Anckorella,  on  the  other. 

In  the  case  otPeniadom/um  toenioide8,th.e  embryos,  enclosed 
in  their  vitelline  membranes,  pass  out  of  the  bodies  of  the 
dog  or  wolf,  along  with  the  nasal  mucus.  Taken  into  the 
body  along  with  the  food  of  the  hare  or  rabbit,  they  emerge 
from  the  egg,  penetrate  the  walls  of  the  intestine,  and 
lodge  themselves  in  the  liver.  Here  they  become  encysted, 
grow,  and  go  through  a  series  of  changes  of  form,  accom- 
X>anied  by  repeated  ecdyses,  until  they  pass  into  the  state 
known  as  Pentastomwn  denticulatum.  If  the  flesh  of  the 
rodent  containing  P.  denticulatum  is  devoured  by  a  dog,  the 
parasite  passes  into  the  frontal  sinuses,  or  maxillary  antra 
of  the  latter,  gradually  takes  on  the  form  of  P.  tcmioides^ 
and  acquires  sexual  organs.  The  parasitism  of  the  Pen* 
tastomida,  therefore,  is  very  similar  to  that  of  the  Cedoidea^ 

Spiders  and  Mites  abounded  in  the  tertiary  epoch,  afl  theiir 
remains  preserved  in  amber,  show.  Yariious  ArOirogtutn^ 
occur  in  the  mesozoic  formations,  while  Spiders  and  Scorpion^ 
of  large  size  have  been  found  in  the  carboniferous  rocks. 

The  Mybiapoda. — In  these  Arthropods,  the  body  i% 
divided  into  many  segments,  the  most  anterior  of  ifAich 
takes  on  the  characters  of  a  distinct  head ;  and  almost  all 
these  segments  bear  articulated  limbs  terminated  by  daws. 
In  the  Centipedes  {Chilopoda),  the  segments  of  the  bodj^ 
have  broad  sterna,  and  the  bases  of  the  limbs  are  far  apart  ^- 
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bat,  ia  the  Millipedes  {ChOognatha),  the  Btcniid  r^on  is 
radimentar;,  and  the  baeee  of  the  limbs  are  oloee  t«^ther. 
UoreoTer,  in  the  latter  ^roup,  the  nuyoritj  of  the  B^;menta 
of  the  bod;  bear  two  pain  of  limbs,  and  probably  repreerait 
two  Bomitee. 

Fig.  flS. 


B,  IhIm  JIattuonaiuM 

The  bead  is  either  flattened  &om  above  downwards 
(ChiU^ioda),  or  from  before  backwards  {CkUogTudha).  Some 
species  are  blind,  bat  the  majoritj  have  ejes,  which  are 
generally  small  and  not  very  nomeroas  ocelli,  thoa^,  in 

*  '  Rigae  AniiuL'    lUoitntcd  edition. 
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some  caseB,  they  are  large  oompoimd  eyes.    There  is  always 
a  pair  of  jointed  anteimsB. 

The  majority  have  the  mouth  constracted  for  biting,  and 
are  provided  with  a  pair  of  mandiblee,  the  most  important 
peculiarity  of  which  is  that  they  are  jointed,  and  thus 
depart  leas  from  the  type  of  the  ordinary  limb  than  do 

Fig.  96. 
A  B 


Fig.  96.~-8eoiopendra  Htpei  (after  Newport). 

A,  donal  view  of  the  anterior  part  of  the  body.    a.  antennn.    A, 
cephalic  segment ;  B,  basilar  segment 

B,  ventral  view  of  the  head ;  a,  B,  as  before. 

C,  under  view  of  the  cephalic  segment,  showing  the  antennae,  a  ;  the 
eyes*;  the  labrum  and  the  mandibles,  iv\ 

D,  the  second  pair  of  gnathites  v',  and  the  first  pair  of  appendages  of 
the  basilar  segment  vi'. 

those  of  insects,  while,  to  the  same  extent,  they  approach 
the  gnathites  of  the  PeripcUidea.  The  mandibles  are  more 
modified  in  the  Chilopoda  (Fig.  96)  than  in  the  ChUognatha, 
In  the  latter,  the  second  pair  of  gnathites  form  a  broad 
four-lobed  plate  which  plays  the  part  of  an  underlip,  while. 
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in  the  Chilopoda,  thej  are  soft  and  jointed,  and  united  at 
their  bases  by  a  bilobed  median  process  (Fig.  96,  y').  In 
the  ChUognatha  the  four  segments  which  follow  the  head  are 
free,  and  their  appendages  resemble  ordinary  limbs.  The 
anterior  pair  is  turned  forwards  and  comes  into  relation 
with  the  mouth,  and  the  tergum  of  the  first  somite  is  often 
enlarged ;  of  the  other  three  somites,  the  appendages  of  one 
appear  to  be  always  abortdve.  Thus  there  are  three  seg- 
ments with  single  pairs  of  legs.  The  rest  each  bear  two  pairs. 

In  the  Chilopoda,  on  the  contrary,  the  head  is  followed 
by  a  baniar  gegmeni  (Eig.  96,  B),  formed,  according  to 
Newport,  by  the  union  of  four  embryonic  somites,  and 
carrying  three  pairs  of  appendages.  Of  these  the  first  are 
limb-like,  but  are  turned  forwards  beneath  the  mouth  (Fig. 
96,  D  Ti') ;  the  second  pair  are  the  strong  recurved  poison- 
claws,  and  the  hindermost  pair  may  become  functional  legs, 
resembling  those  which  are  attached  to  the  succeeding 
somites,  but  are  always  smaller  than  the  others,  and  may  be 
altogether  aborted  in  the  adult.  The  somites  of  the  body 
never  bear  mora  than  one  pair  of  limbs. 

The  alimentary  canal  is  usually  straight  and  simple,  like 
that  of  an  insect  larva.  There  are  large  salivary  glands, 
and  the  intestine  is  provided  with  Malpighian  tubules. 

The  heart  extends  through  the  greater  part  of  the  length 
of  the  body,  and  is  many-chambered,  there  being  one 
chamber  for  each  of  the  somites  in  which  it  lies.  Each 
chamber  is  somewhat  conical  in  shape,  being  broader  behind 
than  in  front,  and  admits  the  blood  by  a  pair  of  lateral 
clefts,  while  the  blood  leaves  it,  in  part,  by  the  communica- 
tion with  the  adjacent  chamber,  in  part,  by  lateral  arterial 
branches.  A  median  aortic  trunk  continues  the  heart  for- 
wards, and  the  lateral  trunks  encircle  the  oesophagus  and 
unite  into  an  artery  which  lies  upon  the  ganglionic  chain. 
The  arterial  system  in  the  Chilopoda  lb,  in  fact,  as  complete 
as  that  of  the  Scorpions.* 

*  Newport,  '*  On  the  structure,  in  the  Mvriapoda  and  macrurous 
relations  and  development  of  the      Arachnida."  (*  Piiilufiophical 

nervous  and  circulatory  systems      Transactions,'  1863.) 
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The  respiratory  organs  are  tracbeee,  which  open  by  stig- 
mata on  the  lateral  or  ventral  surface  of  more  or  fewer  of 
the  somites.  In  ScfUigera  the  stigmata  are  situated  in  the 
median  dorsal  line  of  the  body. 

The  nervous  system  presents  a  ventral  chain,  with  a  pair 
of  ganglionic  enlargements  for  each  segment  of  the  body, 
the  most  anterior  of  which  are  connected  by  commissures, 
which  embrace  the  oesophagus,  with  the  cerebral  ganglia. 

The  ovary  in  both  ChUognatha  and  ChUopoda  is  long, 
single,  and  tubular  in  form.  It  lies  above  the  alimentary 
canal  in  the  latter,  between  the  alimentary  canal  and  the 
nervous  system  in  the  former.  The  double  vaginsB  open  on, 
or  close  behind,  the  bases  of  the  second  pair  of  legs  in  the 
ChUognatha ;  at  the  posterior  end  of  the  body,  beneath  the 
anus,  in  the  Chilopoda,  Two  spermathecsB  and  coUeterial 
glands  are  veiy  generally  present. 

The  testes  in  the  Chilognaiha  are  tubular  glands,  which 
occupy  the  same  position  as  the  ovary  and  open  in  the  same 
region.  They  have  lateral  ceeca,  and  are  connected  by 
transverse  ducts.  Two  copulatoiy  organs,  or  penes,  are 
developed  on  the  sternal  face  of  the  sixth  segment  which 
follows  the  head,  or  are  connected  with  the  bases  of  the 
seventh  pair  of  legs. 

In  the  ChUopoda  there  is  a  good  deal  of  variation  in  tho 
structure  of  the  testis.  Thus  in  LUhobiua,*  the  testis  is  a 
single  filiform  tube,  connected  at  the  hinder  end  with  two 
deferent  ducts  which  embrace  the  rectum.  Alarge  csBcum^ 
apparently  a  vesicula  seminalis,  opens  into  each  deferent 
duct.  But,  in  most  Ghilopods,  the  testes  are  fusiform  acini, 
united  by  delicate  ducts  with  a  median  vas  deferens. 
Two,  or  four,  pairs  of  accessory  glands  are  connected  with 
the  opening  of  the  male  apparatus. 

The  spermatozoa  are  enclosed  in  spermatophores  in  SgoIo* 
pendra,  Cryptops,  and  ChophUtie. 

The  ChUognatha  copulate.  In  Olomerie  and  Polyxenua  the 
genital  apertures  of  the  two  sexes  are  brought  together 

*  Favre,  **  Anatomie  des  orffanes  reproducteurs'  des  Myriapodes.*' 
Q  Annales  des  Sciences  Naturelles,'  1855.) 
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during  coptdatioii;  but,  in  lulus,  the  penes  of  the  male  are 
charged  with  the  spermatic  fluid  before  coptdation  takes 
place,  and  it  is  bj  their  agency  that  the  female  is  impreg- 
nated. 

The  Chilopoda  have  not  been  observed  to  copulate,  indeed 
the  female  shows  a  tendency  to  destroy  the  males,  as  among 
Spiders.     The  male  GhophUue  spins  webs  like  those  of 
spiders  across  the  passages  which  he  frequents,  and  deposits ' 
a  spermatophore  in  the  centre  of  each. 

Metschnikoff  *  has  recently  shown  that,  in  the  ChilognaHha, 
the  process  of  yelk-division  is  complete,  and  confirms  the 
observation  of  Newport  (PhiL  Trans.  1841)  that  the  sternal 
face  of  the  blastoderm  becomes  sharply  infolded  down  its 
centre,  in  such  a  manner  that  the  anterior  and  the  posterior 
halves  of  that  face  of  the  embryo  become  closely  applied 
together.  Metschnikoff  further  points  out  that  only  two 
pairs  of  appendages  are  converted  into  gnathites;  and 
that  a  chitinous  cuticula,  apparently  identical  with  what 
Newport  describes  as  the  "amnion"  in  Iulu9,  is  early 
thrown  off  from  the  embiyo.  In  some  species,  it  developes 
a  median  tooth-like  process  which  serves  to  burst  the 
Titelline  membrane.  Newport  describes  a  short  cord,  or 
funiculus,  which  connects  the  anal  extremity  of  the  embiyo 
with  the  so-called  "amnion."  It  is  not  improbable  that 
this  is  simply  the  continuation  of  the  first  larval  skin  into 
the  rectum. 

The  embryo  lulus  at  first  bursts  the  vitelline  mem- 
brane, and  is  enclosed  only  in  the  embryonic  integument. 
At  this  period,  its  body  is  divided  into  eight  segments,  of 
which  the  first  represents  the  head.  Traces  of  the  antenn» 
are  visible  on  the  sides  of  the  head,  and  the  four  following 
segments  exhibit  papillsB;  those  of  the  second,  third  and 
fifth  segments  develope  into  the  three  pairs  of  functional 
limbs,  with  which  the  young  myriapod  is  at  first  provided. 
Between  the  terminal  segment  and  the  seventh,  the  body 
grows    and  becomes  divided   into    six  rudimentary  new 

*  *<  Embrvologie  der   doppelfQssigen   Myriapoden  (Chilognatha)," 
C  Zeitschrift  fOr  WIbb.  Zoologie/  1874.) 
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segments.  The  terminal  segment  also  becomes  divided 
into  two.  Thus,  when  the  young  escapes  from  the  embryonic 
integument  it  consists  of  nine  complete  segments,  including 
the  head,  with  six  inidimentary  segments  interposed  between 
the  penultimate  and  the  antepenultimate — ^making  fifteen 
in  all ;  which  is  the  full  number  of  segments  (head  +  three 
thoracic + eleven  abdominal  somites)  possessed  by  an  insect 
lanra. 

There  is  this  difference,  however,  between  the  insect  and 
the  larval  myriapod,  that  since,  in  the  latter,  there  are 
only  two  pairs  of  gnathites,  which  must  answer  to  the 
mandibles  and  first  mazills  of  insects;  the  ambulatory 
appendages  of  the  second  segment  must  represent  the 
second  mazill®  of  insects;  and  hence,  though  there  is 
apparently  the  same  number  of  somites  in  the  two  cases^ 
there  must  in  reality  be  one  fewer  in  the  myriapod.  The 
myriapod  larva  therefore,  notwithstanding  its  hezapod 
character,  is  essentially  different  from  an  insect  larva. 

The  sixth  and  the  seventh  segments  develope  two  pairs 
of  legs,  as  do  all  the  newly-formed  segments;  and  it  is 
worthy  of  notice  that  the  male  copulatoiy  apparatus,  inas- 
much as  it  is  situated  in  the  seventh  (sixth  postcephalic) 
segment  in  the  adult,  is  developed  from  one  of  the  primary 
segments  of  the  embryo,  and  not  from  the  subsequently 
added  segments.  New  segments,  each  giving  rise  to  two 
pairs  of  limbs,  are  developed  by  sixes  in  the  germinal 
region  between  the  penultimate  segment  and  the  hindermost 
of  the  newly -formed  segments,  until  the  full  number  of 
the  adult  is  complete. 

In  all  other  ChUoffnatha  of  which  the  development  has 
been  traced,  the  young,  at  first,  possess  only  three  pairs  of 
functional  legs ;  and  one  of  the  four  segments  which  follow 
the  head  is  apodal.  According  to  Fabre,  the  apodal  segment 
in  Polydeemus  complanatus  is  the  second,  and  not,  as  in 
luhts,  the  third. 

In  the  ChUopoda,  the  young  leave  the  egg  with  seven 
(LUhobius,  Scwtigera)  or  a  greater  number  of  pairs  of  ambu- 
latory limbs.    Scolopendra  is  said  to  be  viviparous.    The 


THE  IITSBCTA.  397 

early  stages  of  development  of  Oeophilvs  have  been  de- 
scribed by  MetschnikoflF.*  Complete  yelk-division  takes 
place,  and  when  the  young  leaves  the  egg  it  has  a  cylindri- 
cal body,  like  that  of  one  of  the  Chilognatha,  and  possesses 
many  pairs  of  limbs.  Newport  f  has  pointed  out  that,  in 
Geophilus  longicorwiSf  the  basilar  segment  is  formed  by  the 
confluence  of  four  somites,  of  the  appendages  of  which  only 
two  are  ultimately  developed.  Thus  the  basilar  segment 
of  the  head  of  the  ChUopoda  appears  to  correspond  very 
closely  with  the  four  somites  which  follow  the  head  in  the 
ChUognatha,  Under  these  circumstances,  the  difference  in 
the  position  of  the  reproductive  apertures  in  the  two  groups 
is  exceedingly  renuvrkable. 

Fossil  Myriapoda  occur  both  in  the  tertiary  and  secon- 
dary formations,  and  there  seems  no  reason  to  doubt  that 
the  Xylohvu8  sigUlcvrice  discovered  in  the  coal  of  Nova  Scotia 
by  Lyell  and  Dawson  is  to  be  referred  to  this  group. 

The  Insbota. — Notwithstanding  the  vast  number,  and 
the  singular  diversity  of  form  of  Insects,  the  fundamental 
unity  of  their  structure  is  remarkable,  and,  in  this  respect, 
the  group  exhibits  a  striking  contrast  to  the  Crvstacea. 

The  division  of  the  body  into  three  regions,  head,  thorax 
and  abdomen,  is  usually  well  marked,  not  only  by  the 
peculiar  modifications  which  the  cephalic  and  thoracic 
somites  undergo,  but  by  the  attachment  of  the  three  pairs 
of  ambulatoiy  Umbs  exclusively  to  the  latter.  The  head 
possesses  four  pairs  of  appendages,  that  is  to  say,  one  pair 
of  antennsB  and  three  pairs  of  gnathites ;  and,  as  a  general 
rule,  there  is  a  pair  of  compound  eyes,  sessile  upon  the  sides 
of  the  head;  sometimes  simple  eyes  are  added  to  them. 
The  first  pair  of  gnathites  are  the  m(md{ble9y  which  are 
always  devoid  of  a  palp.  The  second  pair  are  the  maxillcey 
which,  in  those  insects  in  which  the  mouth  is  least  modified, 
are  distinct  from  one  another  and  laterally  moveable ;  while 

*  *  Zeitsehrift  f&r  Wiss.  Zoolo-  riapoda,  order  Chilopoda.  (Trans- 
gie/  1875.  actions  of  the  Linnean  Society, 

t  Monograph  of  the  class  My-      six.) 
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the  third  pair  of  gnathites  are  united  together  in  the 
median  line,  and  constitate  the  lahiwn  of  entomologista. 
In  front  of  the  oral  aperture  is  a  median  plate,  the  laJyrwn; 
while  from  the  floor  of  the  mouth  formed  hj  the  labium 
another  median  process,  the  lingua,  is  usually  developed. 

It  is  hardly  open  to  doubt  that  the  mandibles,  the  maxilkB, 
and  the  labium,  answer  to  the  mandibles  and  the  two  pairs 
of  maxillsB  of  the  crustacean  mouth.  In  this  case,  one  pair 
of  antennary  organs  found  in  the  latter  is  wanting  in  in- 
sects, as  in  other  air-breathing  Arthropods,  and  the  existence 
of  the  corresponding  somite  cannot  be  proved.  But  if  it 
be  supposed  to  be  present,  though  without  any  appendage, 
and  if  the  eyes  be  taken  to  represent  the  appendages  of 
another  somite,  the  insect  head  will  contain  six  somites, 
the  prsBoral  sterna  being  bent  up  towards  the  tergal  aspect, 
as  in  the  higher  Crturtaeea. 

The  three  somites  which  succeed  the  head  are  termed 
respectively  j^rot^oroo!,  meaothorax,  and  metathoraa.  A  pair  of 
legs  is  normally  attached  to  each ;  and,  when  wings  exist, 
they  are  lateral  expansions  of  the  tergal  region  (corre- 
sponding with  the  pleura  of  Orustacea)  of  the  mesothorax 
or  the  metathorax,  or  of  both. 

In  the  abdomen  there  are,  at  most,  eleven  somites,  none 
of  which,  in  the  adult,  bear  ambulatory  limbs.  Thus, 
assuming  the  existence  of  six  somites  in  the  head,  the 
normal  number  of  somites  in  the  body  of  insects  will  be 
twenty,  as  in  the  higher  Crustctcea  and  Ar<ichnida.* 

One  of  the  commonest  of  insects,  the  Cockroach  {Blaita 
{Periplaneta)  oriefUalia)  is  fortunately  one  of  the  oldest,  least 
modified,  and  in  many  ways  most  instructive  forms ;  at  the 
same  time,  it  is  not  too  small  for  convenient  dissection.f 

In  this  insect,  the  head  is  vertically  elongated,  flattened 

*  It  is  open  to  question  whether  four  for  the  head,  three  for  the 

the  podical   plates   represent  a  thorax,  and  ten  for  the  abdomen, 

somite ;  and  therefore  it  must  be  t  See  fur  an  excellent  figure 

recollected  that  the  total  number  and  description,  Rolleston,*  Forms 

of  somites,  the  existence  of  which  of  Animal   Life,'  p.  199,  plate 

can  be  actually  demonstrated  in  vi* 
insects,  is  only  seventeen,  vix., 
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from  before  baekwarda,  and  connected  by  a  distinct  neck 
with,  the  prothorax.  The  antenns  are  alender,  as  long  as,  or 
rather  longer  than,  the  body.  Large  reniform  compound 
eyes  are  situated  at  the  sides  of  the  head.  The  tergal  por- 
tion of  the  prothorax  {pronotwm)  is  a  wide  shield,  which 
overlaps  the  head,  in  front,  and  the  tergal  portion  of  the 
mesothorax,  or  meaonotunn,  behind.  The  legs  are  strong, 
and  increase  in  length  from  the  first  pair  to  the  last.  The 
abdomen  is  flattened  from  above  downwards,  and  besurs  a 
pair  of  elongated,  manj-jointed,  setose  styles  {cerci)  at  its 
hinder  extremity. 

The  males  differ  very  considerably  from  the  females. 
They  have  two  pairs  of  wings,  of  which  the  anterior  are 
brown,  and  are  of  a  stiff  and  homy  texture.  As  they  serve 
to  cover  the  posterior  wings,  they  are  termed  teffwina. 
When  closed,  the  left  overlaps  the  right,  and  they  extend 
back  as  far  as  the  posterior  edge  of  the  tergum  of  the  fifth 
abdominal  somite. 

The  posterior  wings,  on  the  contrary,  are  thin  and  mem- 
branous ;  and,  in  a  state  of  rest,  are  folded  longitudinally 
npon  themselves,  the  folded  edge  being  internal.  In  this 
condition  they  are  triang^ular,  the  base  of  the  triangle  lying 
close  to  the  posterior  edge  of  the  fourth  abdominal  somite, 
and  the  right  a  little  overlapping  the  lef(.  When  forcibly 
unfolded  and  made  to  stand  out  at  right  angles  to  the  body, 
each  of  these  wings  is  seen  to  have  a  nearly  straight, 
thickened,  anterior  edge,  while  its  rounded  outer  and  pos- 
terior edges  are  very  thin.  The  wing  is  strengthened  by 
radiating  thickenings,  or  nervwres,  united  by  delicate  trans- 
verse ridges ;  and,  when  left  to  i^lf ,  it  springs  back  into 
its  folded  state  with  some  force. 

The  abdomen  of  the  male  is  not  very  broad.  The  sterna 
of  the  abdominal  somites  are  all  flattened;  and,  to  the 
hindermost,  two  minute  ui^ointed  styles  are  attached, 
while  some  singular  hooked  processes  are  seen,  on  close 
inspection,  to  protrude  between  the  hindermost  tergum  and 
the  hindermost  sternum.  The  abdomen  of  the  female  is 
very  much  broader,  especially  towards  the  middle  of  its 
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length.  The  hindermost  stemtuii  is  convex  and  boat-ehaped, 
and  its  posterior  half  is  separated  along  the  middle  line  into 
two  halves,  united  only  by  a  thin  and  flexible  membrane. 
Sometimes,  the  great  egg-case,  which  the  female  carries 
abont  for  some  time  before  it  is  laid,  is  seen  protmding 
between  the  posterior  terga  and  sterna.  •  The  female  has 
moveable  tegmina,  bnt  they  are  veiy  small,  inasmuch  as 
they  do  not  extend  beyond  the  middle  of  the  metathorax, 
and  are  widely  separated  in  the  middle  line ;  they  are,  in 
fact,  mere  rudiments  ol  the  anterior  wings.  The  posterior 
wings  appear,  at  first,  to  be  altogether  wanting.  But  the 
outer  extremities  of  the  metanotv/m,  or  tergal  portion  of 
the  metathorax,  present  triangular  areas,  in  which  the  in- 
tegument is  very  thin  and  exhibits  markings  which  simu- 
late the  nervures  of  the  wings.  There  can  be  no  doubt, 
in  fact,  that  these  are  undeveloped  wings,  and  they  show,  in 
a  very  instructive  manner,  that  the  wings  are  modifications 
of  that  part  of  the  insect  skeleton  which  answers  to  the 
pleura,  and  therefore  to  the  lateral  parts  of  the  carapace, 
of  a  crustacean. 

The  convex  dorsal  wall  of  the  head  of  the  Cockroach 
(Fig.  97),  is  termed  the  epicranivm,  A  median  suture,  the 
epicranial  suture^  may  be  seen,  especially  in  young  Cock- 
roaches, traversing  it  from  before  backwards,  and  dividing 
between  the  eyes  into  two  branches,  one  of  which  passes 
towards  the  articulation  of  each  antenna.  The  basal  joint 
of  the  antenna  is  attached  to  a  transparent  flexible  mem- 
brane, which  occupies  an  oval  space,  the  antennary  fossa, 
and  allows  of  the  free  play  of  the  antenna.  A  little  pro- 
jection of  the  hard  chitinous  skeleton  when  it  bounds  the 
inferior  margin  of  the  fossa,  helps  to  support  the  joint. 
On  the  inner  side  of  and  above  the  antennary  fossa,  there  is 
an  oval  fenestra,  covered  only  by  a  thin  and  transparent 
portion  of  the  integument,  which  allows  a  subjacent  tissue 
of  glistening  white  appearance  to  be  seen  (Fig.  97, 1.  II.  b). 
These  have  been  regarded  as  rudimentary  ocelli  by  some 
entomologists ;  but  their  structure  needs  careful  examina- 
tion before  this  view  can  be  adopted. 
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The  transparent  cornea  of  the  eje,  sitaated  external  to 
and  behind  the  antennuy  foeaa,  is  elongated,  nider  above 


Fig.  97.— Blatta  oriaitalU.-l  11.  aide  uid  trtmt  views  of  the  h«*d; 
u.  the  epicnoW  luiure,  at  tbe  endl  of  tbe  liters!  bnncbes  of  which 
MB  4,  the  feneitne  ;  /,  the  ■ntennie  ;  g,  the  eje» ;  it,  the  Ikbram; 
on,  the  mandible;  co,  the  cardo;  ((,  the  itipe* ;  ^o,  the  galea;  ^/, 
the  palpal  of  the  maillta;  p,  the  palpa*,  a,  the  mentum  and  lub- 
raencum  of  the  labium  ;  >,  ine  margiaa  of  Uie  ocotpital  foramen ;  t, 
c,  inferior  cervical  ■olerltet ;  Ic,  lateral  cervical  aclerltei ;  p  n, 
proaotnm.  III.  The  Ubiiua  and  the  right  nmxllla,  viewed  ^ni 
below;  letter!  ai  before  except  la,  tacinia  of  the  maiilla;  fi^, 
paraglonK  ;  U,  liguta ;  la,  medtDDi ;  m,  mbmentam  of  the  lal>iuiD. 

than  below,  and  has  a  concave  anterior,  and  Blightljr  convex 
2  s 
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posterior  margin.     The  nnmerous  facets  into  which  the 
cornea  is  divided,  are  hexagonal  in  shape,  and  very  small. 

The  broad  flattened  region  of  the  fore  part  of  the  head, 
on  the  oral  side  of  the  epicranial  suture,  is  the  clypeue.  It 
is  prolonged  in  front  of  the  mouth,  and  with  the  truncated 
edge  of  this  prolongation,  the  flap-like  labrum  is  freely 
articulated.  Behind  the  labrum  are  two,  yeiy  stout,  curved 
mandibles,  strongly  toothed  at  their  extremities  (Fig.  97, 
II.  m  n).  Each  mandible  is  articulated  with  the  truncated 
^ge  of  the  lateral  part  of  the  skeleton  of  the  head,  beneath 
the  eyes,  which  is  termed  the  gena,  in  such  a  manner  as  to 
be  freely  moveable  towards  and  from  the  median  line,  but 
in  no  other  direction.  The  proximal  end  of  the  maxilla 
(Fig.  97,  III.)  is  formed  by  an  elongated  basal  articulation, 
the  cardo,  which  is  directed  transversely  to  the  axis  of  the 
"head,  and  is  connected  with  the  inferior  margin  of  the  epi- 
cranium,  or  rather  with  a  thin  skeletal  band  which  runs 
round  the  posterior  margin  ol  the  epicranium,  and  is  firmly 
united  with  it  only  on  its  dorsal  side.  This  band  forms  the 
boundary  of  the  so-called  occipital  foramen,  by  which  the 
cavity  of  the  head  communicates  with  that  of  the  neck,  the 
chitixious  wall  of  the  latter  region  being  continuous  with 
it.  Articulated  at  right  angles  with  the  cardo  is  the  stipes, 
or  second  joint  of  the  maxilla.  This  is  freely  moveable  in 
the  lateral  direction,  and  its  outer  distal  angle  bears  the 
continuation  of  the  limb,  or  palpus,  formed  by  two  short 
and  three  long  joints.  Two  processes  terminate  the  stipes ; 
of  these  the  anterior  and  outer,  the  galea,  is  soft,  rounded 
and  possibly  sensory  in  function,  while  the  posterior  and 
inner — the  lajBmia^ia  a  curved  eutting  blade  with  a  toothed 
and  spinose  inner  edge. 

The  labium  (Fig.  97>  HI.)  consists  of  two  incompletely 
separated  median  plates,  the  svhmentwn  behind,  and  the 
mewtum  in  front;  upon  the  latter  follows  a  bilobed  terminal 
piece,  the  ligvla,  each  lobe  of  which  is  again  divided  lon- 
gitudinally into  two  portions,  which  have  considerable 
similarity  to  the  galea  and  lacinia  of  the  maxilla.  The  outer 
is  usually  termed  the  paraghssa. 
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Between  the  mentnm  and  the  ligola,  On  each  outer  edge 
of  the  labium,  a  small  piece,  the  pdlpiger,  is  articulated ;  it 
bears  the  three-jointed  laMal  palptta,  which  is  to  be  regarded 
as  the  proper  free  termination  of  the  second  inaxilla.  The 
resemblance  between  the  labium  and  a  pair  of  maxillup 
which  haye  coalesced,  is  obvious. 

The  Bubmentum  is  not  directly  articulated  with  the 
cranial  skeleton,  but  its  posterior  edge  is  close  to  one  of 
the  eervieal  aelerUes,*  or  skeletal  elements  observable  in  the 
ohitinouB  integument  of  the  neck,  of  which  there  are  alto- 
gether seven.    One  is  dorsal,  median,  and  marked  by  a  deep 
longitudinal  depression.     It   articulates  with  the  dorsal 
margin  of  the  occipital  foramen.    Four  are  lateral,  two  on 
each  side  (Fig.  97, 1,  le) ;  these  take  an  oblique  course  from 
the  dorsal  part  of  the  boimdary  of  the  occipital  foramen, 
with  a  tubercle  of  which  the  anterior  piece  is  articulated,  to 
the  anterior  edge  of  the  epistemum  of  the  prothorax.    The 
inferior  cervical  sclerites  (Fig.  97,  I.  ie)  are  two  narrow 
transverse  plates,  one  behind  the  other  in  the  middle  line. 
They  appear  to  represent  the  part  called  gula,  which  in  many 
insects  is  a  large  plate,  confluent  with  the  epicranium  above 
and  supporting  the  submentum  anteriorly.     I  think  it  is 
probable  that  these  cervical  sclerites  represent  the  hinder- 
most  of  the  cephalic  somites,  while  the  band  with  which  the 
TPftTillflft  are  united,  and  the  gense,  are  all  that  is  left  of  the 
sides  and  roof  of  the  first  maxiUary  and  the  mandibular 
somites ;  the  epicranial  expansions  being  mainly  formed  by 
the  upward  and  backward  extension  of  the  ophthalmic  and 
antennazy  sterna,  which  arise  out  of  the  procephalic  lobes  of 
the  embryo.  In  addition  to  these  externally  visible  sclerites, 
there  is  a  sort  of  internal  skeleton  {endocranvum  or  ten- 
torivm),  which  extends  as  a  Gruciform  partition  from  the 
inner  face  of  the  lateral  vaU*  of  the  cranium,  close  to  the 
articulation  of  the  mandible,  to  the  sides  of  the  occipital 

*  I  use  thit  tenn,  in  the  sense  nous  skeleton.    It  is  to  the  latter 

in  which  it  has  been  employed  by  what  a  distinct  ossification  is  to 

Milne-Edwards,  to  denote  any  de-  the  skeleton  of  a  ver  lebrated  ani- 

finite  hardened  part  of  the  chiti-  mal. 

2  D  2 
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foramen.  The  centre  of  the  croBB  is  perforated  by  a  rounded 
aperture,  through  which  the  oesophageal  nerye-commiasures 
pass.  The  commencement  of  the  OBSophagus  trayerses  the 
interspace  between  the  anterior  processes  of  the  cross ;  the 
tendons  of  the  great  adductors  of  the  mandible  pass  through 
the  lateral  apertures ;  and  the  backward  continuation  of  the 
gullet  enters  the  thorax  through  the  posterior  aperture,  in- 
cluded between  the  tentorium  and  the  margins  of  the 
occipital  foramen. 

In  each  somite  of  the  thorax,  a  distinct  median  sderite, 
the  ttemwnh,  ma j  be  observed ;  and  a  much  larger  tergal 
piece,  the  notum.  At  the  sides  of  the  somite  are  other 
definitely  arranged  sclerites.  the  anterior  of  which  appear 
to  answer  to  the  epistemum  and  epimera  in  the  Otutoceo, 
while  the  posterior,  perhaps,  properly  belong  to  the  attached 
limb. 

Forked  or  double  apodemes,  the  antefurca,  medifurea,  and 
pottfi/rca,  project  from  the  sternal  wall  of  each  somite  of 
the  thorax  into  its  cavity.  They  support  the  nervous  cord 
and  give  attachment  to  muscles. 

The  legs  present  a  large  basal  joint,  the  eoa%i,  between 
which  and  the  third,  termed /emur,  a  small  articulation,  the 
trochanter,  is  interposed.  Upon  the  femur  follows  an 
elongated  tifna;  and  this  is  succeeded  by  the  tarsus^  which 
consists  of  six  joints.  Of  these,  the  proximal  joint  is  long 
and  stout,  the  three  next  are  short,  the  fifth  is  elongated 
and  slender;  the  sixth,  very  short,  is  terminated  by  two 
curved  and  pointed  claws  (ungties),* 

The  broad  differences  in  the  structure  of  the  abdomen 
of  the  male  and  female  have  been  already  pointed  out. 
Of  the  eigbt  terga  externally  visible  in  the  female  (Fig. 
98),  the  first  is  shorter  than  those  which  succeed  it ;  and 
the  hindermost  (Fig.  98,  lo)  is  escutcheon -shaped,  deflexed 

*  Mr.    Westwood     ('Modern  Mr. Weetwood terms p«f7viff««, bat 

Classification  of  Insects,'  vol.  i.  p.  it  is  a  tme  Joint  provided  with  a 

416)  sa^s  that  the  tarsi  are  five-  special  flexor,  the  slender  tendon 

jointed,  ami  that  there  is  a  pal-  of    which,     however,    traverses 

villus  between  the  ungues.  The  severalof  the  joints  of  the  tarsus, 
sixth  joint  appears  to  be  what 


THB  OOCKBOAOH.  405 

at  the  sides,  thin  in  the  middle,  and  notched  at  the  end. 
When  this  tergum  is  gently  pnlled  backwards,  two  other 
very  narrow  terga  (Eig.  98,  8,  9),  of  which  the  anteiior 
overlaps  the  posterior,  and  which  were  hidden  between  it 
and  the  antepenultimate  or  seventh  tergnm  become  visible. 
The  apparent  eighth  tergom  is  therefore  really  the  tenth. 
Beneath  the  tenth  tergnm  are  two  triangular  podicdl  plates 
(Fig.  98,  11),  one  on  each  side  of  the  anus.  Provisionally, 
I  take  them  to  be  the  sclerites  of  the  eleventh  abdominal 
somite. 

The  first  sternum  is  confluent  with  the  second,  and  largely 
hidden  by  the  coxa  of  the  metathoracic  limbs.  The  seventh 
is  greatly  enlarged,  and  its  posterior  edge  is  produced  into 
a  boat-shaped  process,  nearly  divided  into  two  portions  by 
an  inward  fold  of  the  integument  along  the  median  line. 

Completely  hidden  by  the  seventh  sternum  is  a  thin  plate, 
narrower  in  front  than  behind,  where  it  is  produced  on  each 
side.  Anteriorly,  it  is  articulated  with  the  sternum  of  the 
following  somite,  so  as  to  form  a  sort  of  spring-joint,  which 
ordinarily  keeps  it  applied  against  the  latter,  and  therefore 
directed  obliquely  upwards  and  a  little  forwards.  The  large 
aperture  of  the  vulva  (Fig.  98,  v)  lies  in  the  middle  of  this 
plate.  On  the  sternal  region  behind  the  vnlva,  between  it 
and  the  anus,  arises  a  pair  of  elongated  processes,  divided 
into  two  portions,  of  which  the  outer  is  thick  and  soft, 
the  inner  slender,  pointed,  and  hard.  They  embrace  and 
partly  ensheath  two  other  processes  having  somewhat  the 
shape  of  knife  blades,  the  anterior  fixed  ends  of  which  are 
curved,  and,  being  attached  to  the  sides  of  the  somite  to 
which  they  belong,  are  distant,  while  the  blades  meet,  and 
are  applied  together  in  the  middle  line.  Of  these,  which 
may  be  termed  gonapophyses,  the  study  of  their  develop- 
ment shows  that  the  posterior  bifid  pair  belong  to  the 
ninth  somite,  while  the  anterior  pair  belong  to  the  eighth. 

The  cerci  («)  are  attached  to  the  dorso-lateral  part  of  the 
tenth  somite. 

In  the  abdomen  of  the  nude  Blaita  (Fig.  99),  the  ten 
terga  are  readily  discernible ;  but  the  eighth  and  ninth  are 
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yerj  short,  and  the  former  overlaps  the  latter.  The  tenth 
tergum  is  flat,  and  has  a  freely  projecting,  truncated,  pos- 
terior margin.  Articulated  beneath  its  lateral  edge  are 
two  multiarticulate  cerci  (as),  similar  to  those  of  the  female. 

Beneath  the  tenth  tergum,  and  hidden  by  it,  are  the  two 
podical  plates  (11)  between  which  the  anus  opens.  The  first 
sternum  is  small,  and  may  easily  escape  notice.  The  second 
to  the  sixth  sterna  are  of  nearly  equal  width  and  length. 
The  seventh  and  eighth  are  narrower;  the  ninth  still 
narrower  and  longer,  about  half  of  its  length  being  covered 
by  the  eighth.  The  covered  half  is  different  in  texture 
from  the  uncovered,  being  thinner  and  more  transparent, 
and  its  anterior  margin  is  deeply  notched.  The  uncovered 
half  is  strong,  homy  and  dark-coloured,  convex  below  and 
concave  above;  its  free  posterior  mai^n  is  obscurely  tri- 
lobed  by  two  lateral  shallow  notches.  On  each  side,  a 
slender,  unjointed,  setose  style,  which  projects  backwards 
and  outwards,  is  attached  to  this  sternum. 

Thus  the  tergal  surface  of  the  abdomen  of  the  male 
essentially  resembles  that  of  the  female,  while  the  sternal 
surface  differs  in  exhibiting  two  sterna  more  (namely,  the 
eighth  and  ninth)  without  dissection.  Hence,  while,  in 
the  female,  the  opening  of  the  recto-genital  chamber  lies 
between  the  tenth  tergum  and  the  seventh  sternum,  in 
the  male  it  lies  between  the  tenth  tergum  and  the  ninth 
sternum. 

When  the  tenth  tergum  and  the  podical  plates  are  re- 
moved, a  very  singular  apparatus,  the  nude  genital  ar- 
mature, comes  into  view.  It  consists  of  a  number  of 
chitinous  processes  having  the  form  of  plates  and  hooks, 
the  exact  form  ^  and  disposition  of  which  could  be  made 
intelligible  only  by  numerous  figures.  It  may  be  stated 
generally,  however,  that  these  plates  and  hooks  terminate 
processes  of  the  sternal  region  of  the  tenth  somite,  on  each 
side  of  the  aperture  of  the  vas  deferens,  and  therefore, 
though  they  are  of  the  same  nature  as  the  gonapophyses  of 
the  female,  they  are  not  their  exact  homologues. 

The  most  conspicuous  division  of  the  right  gonapophysis 


Fig.  98.— I.ongitndiiul  tad  Tcr- 
tical  MctioD  nf  ■  fiBsle  Cock- 
rottch  ^Blalla).  —  !  to  ix, 
•omUei  of  the  bodr;  1  to  II, 
Bomltn  af  Um  ■bdomen;   A, 

b,  (Mophagiu ;  c,  crop ;  d,  pro- 
vanlricalus ;  e,  pjlorie  catoft ; 
/,  chjliflo  Tentiicle ;  jr,  InKT- 
tk>DaftheMsl|iighiucEc«;  A, 
inteitlnej  i, rectum;  r,  vulva; 
J,  ulivary  glaad;  t,  nlivary 
reecpUcle.  By  an  error  Iha 
dud  li  nude  to  t«rmluate  above 
inilead  of  beneath  the  lingua ; 


bralgang 
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is  a  broad  plate  divided  at  the  extremitj  into  two  portions, 
the  inner  of  which  corvea  inwards  and  ends  in  two  or  three 
sharp  apines,  while  the  outer  is  coiled  upon  itaelf  bo  bb  to 
reaemble  a  abort  oorkacrew.    The  left  gonapophjus  is  pro- 

Fig.  99. 


.  99.— LoDgitudiotl  Hid  vertic&l  aectlan  of  tha  abdomen  of  k  malg 
ookroub  {Bbitla).—l,  S,  a.  4,  &c.,  terg*  and  itenw  of  the  Bbda- 
en;  f,  muahioom-abtped  gland  ;  r,  apeitore  of  (ha  vaa  defereoi; 


Tided  with  a  long  process  like  a  tenacoliuii,  the  incorred 
extremity  of  which  is  denticulated. 

The  alimentary  canal  of  the  Cockroach  commences  by  the 
oral  cavity,  situated   between  the  labrum  in  front,  the 
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mandibles  and  maxillip  at  the  aides,  and  the  hibium,  with 
the  large  lingua,  or  hypophatifnx,  behind.  The  OBSophagnB, 
beginning  as  a  narrow  tube,  passes  between  the  anterior 
crora  of  the  tentorium,  and  then  leading  the  head  by  the 
occipital  foramen  and  traversing  the  neck  and  thorax, 
gradnally  widens  into  the  large  crop  or  ingluvies  (Fig.  98, 
c),  which  lies  in  the  abdomen.  This  is  followed  bj  the  small 
thick-walled  praventrictdut  (Fig.  d8,  d),  shaped  like  a  pear, 
with  its  broad  end  applied  against  the  crop.  The  narrow 
end  of  the  proventriculus  opens  into  a  wide  canal,  the  so- 
called  chylnfie  vewkricU,  or  wniriouZiw  (Fig.  98,  /),  an  elon- 
gated tnbe,  the  jimction  of  which  with  the  intestine,  is 
marked  by  the  insertion  of  the  numerous  Malpighian  tubes. 
The  anterior  end  of  the  ventricolas  is  provided  with  seven 
or  eight  ctecal  diverticnlfi  of  unequal  lengths  (Fig.  98,  e), 
the  |>y2oric  ccbco.  The  first  portion  of  the  intestine  (i2etii») 
is  narrow.  The  next,  termed  the  colon,  is  very  wide,  and 
somewhat  sacculated.  A  constriction  marks  off  the  region 
of  the  colon  from  the  straight  short  rectumi  (Fig.  98,  i), 
which  terminates  in  the  anus,  situated  at  the  hinder  ex- 
tremity of  the  body  between  the  podical  plates.* 

The  aperture  by  which  the  mouth  communicatee  with 
the  gullet  is  small,  and  situated  at  the  superior  and  anterior 
part  of  the  buccal  cavity.     A  broad  projection  of  the 


*  M.  P.  Plateau  CReeherches 
sor  Im  phtf  oom^ei  de  la  digestion 
ebes  lee  Inseetes,'  1874; '  Note  but 
les  pb^nom^nes  de  la  digestion 
ehes  la  Blatta  americalne  [  Peri- 
pkuuia  €aneneana']f*  1876;  and 
^Reoherches  sor  les  phenom^nes 
de  la  digestion  ches  les  Myria- 
podes,'  1876),  divides  the  alimen- 
tarv  canal  of  insects  and  myria- 
pods  into  a  buccal,  a  median,  and 
a  teiininal  portion.  The  buccal 
portion  consists  of  the  oesophagus, 
crop,  and  proventriculus — which 
last  he  considers  to  be  a  mere 
strainer  and  to  have  no  mastlca- 
toiy  function.  The  middle  divi- 
sion lies  between  the  proventri- 
culus and  the  insertion  of  the 


Malpighian  tubes.  The  terminal 
division  extends  from  the  latter 
point  to  the  anus.  With  the 
solitary  exception  of  lulus,  the 
secretions  of  the  alimentary  canal 
are  idways  alkaline,  and  that 
which  effects  the  transformation 
of  the  albuminoid  elements  of  the 
food  into  peptones  appears  to  be 
furnished  by  the  middle  division, 
which  it  lined  by  epithelium,  de- 
void of  any  cuticle.  In  camivor- 
oos  insects  digestion  may  take 
place  in  the  crop  by  the  flow  of 
the  secretion  of  the  middle  in- 
testine into  it.  The  salivary 
fluid  of  £iatta  rapidly  effects  the 
transformation  of  starch  into 
sugar. 
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posterior  and  inferior  wall  of  the  buccal  carity  occupies  all 
the  space  between  the  oesophageal  opening  of  that  carity 
and  the  labium,  and  ends  in  a  free  subcyHndrical  process*. 
This  is  termed  hypopharyruB  or  lingua,  but  it  might  be  well 
to  reserve  the  term  lingua  for  the  tree  end,  and  kgpopharynx 
for  the  attached  posterior  portion.  The  anterior  surface 
of  the  hypopharynx  slopes  downwards  and  forwards;  its 
sides  are  supported  by  two  sderites,  which  are  narrow  and 
rod-like  above  and  broad  below,  where  they  unite  in  an  arch 
on  the  dorsal  face,  just  where  the  free  part,  or  lingua, 
begins.  On  the  under  side  of  the  lingua  are  two  broader 
sclerites,  which  also  unite  and  form  an  arch,  which  lies 
over  the  opening  of  the  salivary  duct.  The  anterior  surface 
of  the  Ungua  and  hypopharynx  is  beset  with  fine  hairs. 

The  two  salivary  glands,  with  their  receptacles,  are 
greatly  developed  in  the  Cockroach.*  The  glands  (Fig.  98, 
I)  lie  on  each  side  of  the  GBsophagus  and  crop,  extending 
through  the  thorax,  as  far  as  the  commencement  of  the 
abdomen.  Each  gland  is  a  white  mass,  as  much  as  a  quarter 
of  an  inch  long  and  composed  of  numerous  acini.  The 
ducts  which  arise  from  these  acini  unite  first  into  a  single 
trunk  on  each  side,  and  then,  beneath  the  sub-OBsophageal 
ganglion,  the  two  trunks  join  to  form  the  single  short 
salivary  duct  which  opens  beneath  the  lingua.  The  ducts 
of  the  salivary  glands  are  lined  by  a  transversely  ribbed 
ohitinous  membrane,  so  that  they  gpreatly  resemble  tracheeB. 

The  salivary  receptacles  (Fig.  98,  h)  are  elongated  oval 
sacs,  three-eighths  of  an  inch  long,  each  of  which  is  situated 
at  the  extremity  of  a  long  duct.  The  ducts  unite  in  front 
with  one  another,  and  with  the  duct  of  the  gland,  to  form 
the  short  terminal  common  duct.  The  receptacle  and  its 
ducts  have  a  chitinous  lining  similar  to  that  of  the  duct  of 
the  glands,  but  the  spiral  marking  does  not  extend  over  the 
walls  of  the  receptacle. 

The  proventriculus  has  a  thick  muscular  coat,  and  the 

*  The  saliviiry  glands  are  well  tische  and  uropoietische  System 
described  bv  Basch,  <' Unter-  der  Blatta  orientalis."  (*Sitib. 
suohungen  uber   die   ohylopoie-      Wiener  Akad./  1858.) 
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cliitiiiouB  lining  which  is  continaed  into  it  from  the  inglnyies 
is  greatly  thickened  and  produced  into  six  hard,  brown 
ridge-like  principal  teeth.  Posterior  to  these  is  a  circle  of 
six  prominent  cushions  covered  with  set®,  and  similar  sets 
beset  the  lining  membrane  of  the  funnel-shaped  cavity  into 
which  they  project.  Between  each  pair  of  principal  teeth 
are  five  smaller  tooth-like  ridges,  of  which  the  median  is 
the  largest,  and  a  variable  number  of  still  finer  longitudinal 
elevations  lie  between  them. 

The  proventriculus  leads  posteriorly  into  a  narrow,  thick* 
coated  canal,  the  tubular  extremity  of  which  projects  fre^ 
into  the  much  wider  anterior  end  of  the  chylific  ventricle, 
and  constitutes  a  very  efficient  valve. 

The  short  and  narrow  anterior  division  of  the  intestine 
{ileum)  is  separated  from  the  colon  by  a  circular  valve,  th6 
surface  of  which  is  beset  with  small  spines. 

The  Malpighian  glands  are  very  numerous  (20-d0>9 
delicate,  C89cal  tubules,  of  even  diameter  throughout,  and 
lined  by  a  small-celled  epithelium  enclosing  a  central 
cavity. 

The  communication  between  the  colon  and  the  rectum 
is  very  narrow,  but  is  not  valvular.  The  walls  of  the  rectum 
itself  are  raised  into  six  ridges,  which  project  into  its 
interior  and  are  abundantly  supplied  with  tnu^hesB ;  these 
are  the  so-called  rectal  glands.  Anal  glands  appear  to  be 
absent. 

The  histology  of  the  alimentary  canal  has  been  particu- 
larly studied  by  Basch.*  From  the  oral  cavity  to  the 
funnel-shaped  extremity  of  the  proventriculus,  it  is  lined  by 
a  chitinous  coat  continuous  with  the  chitinous  layer  of  the 
integument,  and  beset  for  the  greater  part  of  its  extent 
with  fine  setiform  processes.  Beneath  this  is  the  proper 
endoderm,  consisting  of  a  layer  of  cells.  Next  follows  a 
structureless  membrana  propria  or  basement  membrane; 
and  this  is  succeeded  by  two  layers  of  striped  muscular 
fibres,  the  internal  disposed  longitudinally,  and  the  ex- 
ternal circularly.  In  the  proventriculus,  the  muscular 
•  <8i(zung8beriohte  der  Wiener  Akademie/  xxxiii.,  IS58, 
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layers  become  mach  thicker,  and  some  of  those  of  the  outer 
layer  acquire  a  radial  arrangement,  while  the  longitadinal 
muscles  are  disposed  in  bundles  which  correspond  with  the 
six  principal  ridges.  In  the  chjlific  ventricle,  the  muscular 
layers  and  the  basement  membrane  are  disposed  much  as 
before.  The  basement  membrane  presents  pits  on  its  free 
surface  in  which  rounded  cells  are  lodged,  and  is  beset  be- 
tween these  by  the  elongated  cells  of  a  cylinder  epithelium. 
The  free  ends  of  these  present  a  thick  wall,  marked  by 
vertical  striations.  There  is  no  chitinous  layer.  The  ceeca 
are  merely  diverticula  of  the  wall  of  the  chylifio  ventricle. 

The  intestine,  finally,  repots  the  structure  found  in  that 
part  of  the  alimentary  canal  which  lies  in  front  of  the 
chylific  ventricle  and  is  provided  with  a  setose  chitinous 
lining. 

Basch  found  the  secretion  of  the  salivary  glands  and  the 
contents  of  the  crop  acid,*  and  that  an  infusion  of  the 
salivary  glands,  acidulated  with  hydrochloric  acid,  digested 
fibrin.  The  contents  of  the  chylific  ventricle  were  neutral 
or  alkaline;  and  an  infusion  of  the  chylific  ventricle  at 
once  turned  starch  into  sugar.  The  same  effect  was  pro- 
duced by  an  infusion  of  the  salivary  glands. 

The  heart  (Fig.  98,  A)  is  a  slender  inconspicuous  tube, 
which  occupies  the  middle  line  of  the  dorsal  wall  of  the 
abdomen  and  presents,  at  intervals,  pairs  of  lateral  apertures. 
The  wall  of  the  abdomen  internal  to  the  chitinous  integu- 
ment is  lined  by  a  soft  cellular  substance  (h^ff^odermis),  the 
outer  layer  <^  which  represents  the  ectoderm  or  epidermis, 
while  the  deeper  part  is  the  parietal  layer  of  the  mesoderm. 
This  last  contains  a  stratum  of  longitudinal  muscular  fibres, 
divided  into  segments  or  myotomes,  in  correspondence  with 
the  somites,  and  numerous  tracheae.  The  heart  is  enclosed 
in  the  abdominal  wall  which  surrounds  it  on  all  sides,  leaving 
only  a  small  pericardial  spaccf    Beyond  the  slender  aortic 

*  Plateau  denies  that  the  sali-  t  Cornelius     ('  Beitrage     zur 

varv  secretion  of  Blatta  is  ever  naheren  Kenntuiss  von  PeripUx- 

acid,  and  ascribes  tlie  occasional  neta   {Blatta'^    orientali**    ISd.")), 

acidity  of  the  contents  of  the  crop  found  that  the  pulsations  of  the 

to  the  food.  heart  could  readily  be  observed 
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canal  in  which  the  heart  terminates  anteriorly,  and  which 
passee  into  the  thorax  and  the  head,  no  yeeBels  appear  to 
be  given  off  from  the  heart. 

Delicate  triangular  sheets  of  mnscnlar  fibre,  the  alary 
mugeles,  are  attached  in  pairs  by  their  bases  to  the  wall  of 
the  pericardial  chamber,  while  their  apices  are  inserted  into 
the  hjx>odermis.  They  occupy  the  interspaces  left  by  the 
principal  dorsal  branches  of  the  tracheae,  which  form  arches 
on  each  side  of  the  heart. 

From  the  inner  face  of  the  abdominal  wall,  processes  are 
given  off,  some  of  which  appear  to  hang  freely  into  the 
abdominal  cavity,  while  others  accompany  the  numerous 
tracheae  which  pass  to  the  alimentary  cajuJ.  When  the 
abdominal  cavity  is  laid  open,  its  inner  lining  has  a  villous 
appearance  and  often  seems  to  be  full  of  free  granular 
matter,  as  the  processes  very  readily  break  up  into 
fragments.  The  substance  which  thus  fiUs  up  the  interspace 
between  the  parietes  of  the  abdomen  and  the  contained 
organs  is  the  corptis  (tdipoawm.  It  is  made  up  of  cells  often 
so  arranged  as  to  form  a  network,  and  it  usually  has  a  milk- 
white  colour,  which  arises  partly  from  the  air  contained 
in  the  tracheae,  and  partly  from  innumerable,  strongly  re- 
fracting granules  contained  in  its  component  cells. 

There  are  ten  gtigmata  on  each  side  of  the  body  of  Blatta, 
eight  in  the  abdomeik,  and  two  in  the  thorax.  The  latter 
are  situated  between  the  prothorax  and  the  mesothorax, 
the  mesothorax  and  the  metathorax,  respectively ;  above  the 
attachment  of  the  coxse  and  beneath  the  terga.  The  ab- 
dominal stigmata  lie  in  the  soft  integument  which  connects 
the  sterna  and  terga  of  the  somites.  All  the  stigmata  are 
situated  in  conical  thickened  elevations  of  the  integument. 
The  thoracic  stigmata  are  the  largest,  and  the  anterior 
pair  have  a  distinctly  two-lipped  aperture,  the  anterior  lip 
being  notched  in  the  centre.  The  openings  of  the  abdominal 


in  BlatUB  which  had  recently  minute;  bat  allowance  must  be 
undei^one  ecdysis.  They  were  made  for  the  disturbed  condition 
as   treqnent  as  eighty   in    the      of  the  inseett  under  observation. 
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stigmata  are  more  oval  and  are  inclined  backwards.  Ln- 
mediately  witliin  each  stigma  the  tracheal  trunk  into  which 
it  opens  is  provided  with  a  yalvnlar  arrangement,  by  which 
the  pctfsage  can  be  closed  or  opened. 

Fig.  100. 


Fig.  100.— Bi^ta  ortmtoiM.— A,  the  brain  with  the  antetinary  (a)  and 
optic  {b)  nerves ;  c,  e, /,  g,  K  stomato-gastiie  nerves ;  B,  the  ante 
rtor  end  of  the  gullet ;  C,  the  crop ;  D,  the  gizzard. 


The  large  trachese  which  take  their  origin  from  these 
stigmata  immediately  divide  and  give  off  dorsal  and  ventral 
branches ;  the  former  nnite  in  a  series  of  arches  on  each 
side  of  the  heart,  while,  on  the  ventral  side,  the  branches 
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are  connected  bj  tranks  wbick  run  parallel  with  the  ab- 
dominal ganglia.  Large  trachesB  paae  from  the  anterior 
thoracic  stigma  through  the  neck  into  the  head  and,  in  the 
abdomen,  the  yiflcera  receive  an  abundant  supply  of  air- 
tubes. 

The  lobes  <^  the  eoipus  adiposum  are  also  plentifully 
supplied  with  trachese,  while  fine  trunks  enter  the  substance 
of  the  ganglia  and  nerves  and  there  ramify.  TrachesB 
accompany  the  nervures  of  the  wings  and  are  abundantly 
distributed  to  the  muscles. 

The  nervous  system  consists  of  the  supra-oesophageal 
ganglia  (Fig.  100,  A),  commonly  termed  the  brain,  united  by 
thick  and  short  commissures  with  an  infra-oesophageal 
ganglionic  mass,  situated  in  the  head;  of  three  pairs  of 
large  coalesced  ganglia  in.  the  thorax,  one  for  the  prothorax, 
one  for  the  mesothorax,  and  one  for  the  metathorax;  of 
six  pairs  of  closely  united  smaller  ganglia  in  the  abdomen ; 
and  of  a  set  of  visceral  or  stomato-gtutrie  nerves.  The 
several  pairs  of  thoracic  and  abdominal  ganglia  are  united 
by  double  commissural  cords.  In  the  males  the  commis- 
sures which  unite  the  abdominal  ganglia  are  not  straight, 
but  are  bent,  as  if  it  were  needful  to  make  allowance  for 
the  possible  elongation  of  the  abdomen.  The  supra-oeso- 
phageal  ganglia  give  off  the  nerves  to  the  antenns  from 
their  antero-lateral  angles;  while  their  postero-lateral 
angles  are  produced  into  the  great  optic  nerves.  Above 
the  margin  of  each  antennary  nerve  there  is  a  small 
rounded  tubercle  which  is  in  immediate  relation  with  the 
silvery  patch  which  shinea  through  the  fenestra  on  the 
inner  side  of  the  antennaiy  fossa.  Beneath  this  tubercle, 
and  on  the  inner  side  of  the  antennary  nerve,  arises  the 
root  of  the  stomato-gastric  system  of  nerves.  Each  root 
passes  forwards  for  a  short  distance,  then  turns  inwards, 
and  in  the  middle  line,  enters  a  heart-shaped  ganglion 
situated  on  the  gullet  (Fig.  100,  c).  From  this  a  median 
cord  passes  backwards  beneath  the  brain  and  enters  a 
ganglion,  which  is  connected  on  each  side  with  two  others 
(e,  e).     The  continuation  of  the  median  cord  passes  back 
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along  the  tergal  wall  of  the  oeaophagtiB,  and  where  this 
beginB  to  dilate  into  the  crop  ends  in  a  small  triang^olar 
ganglion  (g),  whence  lateral  branches  are  given  off,  which 
can  be  traced  aa  far  as  the  gizzard. 

The  exact  form  and  arrangement  of  the  male  organ  of 
generation  has  only  recently  been  made  out.  The  most 
conspicnons  of  these  organs  is  a  mnshroom-shaped  gland 
(Fig.  99,  t)  composed  of  a  great  number  of  short  csBca 
attached  to  the  extremity  of  the  also  very  short  vas  deferens. 
It  is  lodged  in  the  hinder  end  of  the  abdomen,  and  covers 
the  posterior  abdominal  ganglion.  The  contents  of  the  c8Bca 
are  viscid,  grannlar,  and  nsnally  brilliantly  white.  The 
anterior  end  of  the  vas  deferens  is  dilated,  and  the  csBca  are 
arranged  in  two  gronps  which  open  into  each  side  of  the 
dilatation.  The  contents  of  the  vas  deferens  are  also  white 
and  viscid,  and  evidently  consist  in  great  measure  of  the 
secretion  of  the  cieca.  In  the  adult  male,  however,  in- 
numerable spermatozoa  with  straight  rod-like  heads,  and 
long  flageUa  are  to  be  found  intermingled  with  the  contents 
of  the  vas  deferens  and  its  dilatation.  On  the  sternal  side 
of  the  mushroom-shaped  gland,  between  it  and  the  last 
abdominal  ganglion,  there  is  an  accessory  gland  composed 
of  dichotomous  monilated  tubes,  lined  by  a  columnar 
epithelium,  all  bound  together  by  a  common  investment 
into  a  flattened  elongated  mass. 

As  the  duct  of  the  mushroom-shaped  gland  in  the  adult 
male  always  contains  spermatozoa,  and  no  other  organ  con- 
taining spermatozoa  is  to  be  found,  this  gland  has  naturally 
been  taken  for  the  testis.  B^jewsky,*  however,  has  re- 
cently pointed  out  that  the  true  testes  are  situated  in  the 
tergal  region  of  the  abdomen,  and  that  they  may  be  found 
in  this  region  in  the  young  and  yet  wingless  males,  though 
they  are  much  obscured  by  the  coipus  adiposum  which  in- 
vests them.  He  traces  the  efferent  duct  of  the  testis  to  the 
glands  just  mentioned.  In  the  adult  male  the  testes 
atrophy,  and  are  hardly  to  be  discovered  among  the  masoos 

*  Hofmann  and  Schwalbe,  <  Jahretbericht,'  1875.  The  original  paper 
ia  in  Kossian,  and  I  have  not  teen  it 
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of  th«  corpus  adipOBmn.  I  have  found  the  testes  in  the 
joong  males  in  the  positioa  aaaigned  to  tbent  by  R^'enskj. 
Thej  oaaast  at  nnmerons  oval  or  pjrif  onn  saos  attached  bj 
short  pedicles  to  a  common  dnct 

The  ovarie*  (Fig.  101)  are  two  groups  of  eight  tubes,  sitn- 
ated  on  each  side  of  the  hinder  hall  of  the  sbdomeii.  The 
orarian  tnbee,  or  ooariolei,  of  each  gronp  comtnaiiicate  with 
a  short  ovidnct,  which  soon  unites  with  its  fellow  in  the 

Fig.  IDI. 


fig.  101. — S/oNa  Dnnt'rKt.  — Pensle  geolUl  orgsnt :  a,  the  poettrlor 
abdominal  gsoglloa  ;  b,  the  ovidueti ;  c,  4  s,  the  ovuisn  tubM ;  /, 
the  fllament  by  vhlch  their  citremitles  ue  united ;  g,  the  (penna- 
thecft;  A,  the  eoliet«iUl  gUodi. 

middle  line  and  opens  eitemallj  bj  the  yoj  short  and 
wide  ragina.  The  finely  tapering  anterior  ends  of  the  OTa- 
Holes  of  each  side  are  continned  forwards  by  delicate  ccUn- 
lar  prolongataons.  These  finall;  unite  together  into  one 
l<Hig  filament,  which  can  be  trtMjed  for  some  distance  for- 
wards among  the  lobes  of  the  corpas  adiposum.  It  is  a 
cellnlar  cord,  which  appears  to  be  nothing  but  a  process 
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of  tbe  mesoderm.  Numerons  nucleated  cells,  from  some  of 
which  the  ova  take  their  origin,  while  others  remain  as  in- 
terstitial ceUs,  which  are  eventnallj  converted  into  an  epi- 
thelimn,  make  np  the  substance  of  the  slender  anterior 
terminations  of  the  ovarioles.  The  ova  situated  behind 
these  enlarge,  and  become  disposed  in  a  single  series. 
Further  on,  the  epithelial  cells  form  a  thick  stratum  round 
each  egg,  and  possibly  assist  in  the  formation  of  the  large 
yitellus  with  which  it  is  ultimately  provided.  As  the  egg 
advances  towards  maturity,  the  vitellus  acquires  first  a 
finely,  and  then  a  coarsely  granular  structure,  and  the  ger- 
minal vesicle  and  spot,  previously  conspicuous,  are  no 
longer  to  be  seen.  Behind  the  junction  of  the  oviducts 
with  the  vagina,  and  the  last  abdominal  ganglion  which 
lies  upon  the  latter,  there  is  a  small  sac  with  a  long  neck 
from  which  a  short  csecal  process  is  given  off.  It  has  a 
thick  chitinous  liuing  and  a  muscular  investment,  and  is 
the  gpermtUheca,  Behind  it  are  two,  large,  ramified,  tubular 
coUeterial  glands,  which  probably  give  rise  to  the  substance 
of  which  the  egg  case  is  formed.  Their  conjoined  ducts 
open  behind  the  spermatheca. 

The  eggs  are  enclosed,  sixteen  together,  in  strong  capsules 
of  a  homy  consistency,  shaped  somewhat  like  a  cigar  case, 
and  presentiug  a  longitudinal  slit,  the  raised  and  serrated 
edges  of  which  are  closely  applied  to  one  another.  It  is 
through  this  slit  that  the  fully  developed  young  make  their 
exit.  The  eggs  attain  ^  of  an  inch  in  length.  Each  has  its 
own  thin  but  tough  brownish  shell,  the  surface  of  which  is 
beautifully  ornamented  with  hexagonal  patches  of  minute 
tubercles.  They  are  arranged  parallel  with  one  another 
in  two  opposite  series,  one  series  occupying  each  half  of  the 
case.  The  eggs,  adapting  themselves  to  the  form  of  the  case, 
are  convex  outwards  and  concave  inwards,  and  thus,  though 
their  ends  touch,  a  median  space  is  left  between  the  two 
sets.  The  inner  concave  face  of  the  egg  is  that  on  which 
the  sternal  face  of  the  embryo  is  situated.  The  female 
carries  the  egg-case  about  for  a  week  or  more,  before 
depositing  it.    The  young  leave  the  eggs  as  minute  active 
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insects,  colourless,  except  for  the  large  dark  eyes!  Before 
thej  are  hatched  thej  acquire  eyes,  antenna,  gHathites, 
legs,  and  short  cerci,  which  differ  only  in  detail  from  those 
of  the  perfect  BUxUfi,  into  which  the  larva  passes  by  snc- 
cessive  ecdyses.  According  to  Cornelius  ({.  c.  p.  29),  the 
Cockroach  undergoes  seven  ecdyses ;  the  first  immediately 
on  leaving  the  egg,  the  second,  a  month  later.  After  the 
second  ecdysis,  the  insect  sheds  its  skin  only  once  a  year ; 
so  that  it  attains  its  adult  condition  only  in  its  fifth  summer. 
The  chitinous  cuticula  splits  along  the  median  line  of  the  ter- 
gal aspect  of  the  head,  thorax  and  abdomen,bef  ore  it  is  cast. 
Thus  the  Cockroach  is  said  to  be  an  insect  without  meta- 
morphosis. For  although  the  male,  in  the  later  stages  of 
its  growth,  acquires  wings,  and  thus  does  become  very 
sensibly  metamorphosed  from  a  merely  cursorial  animal  to 
one  which  has,  at  any  rate,  the  capacity  for  flight,  there  is 
no  i>eriod  in  the  life  of  this  insect  in  which  the  larva  passes 
into  a  resting  condition,  during  which  it  takes  no  food,  and 
in  the  course  of  which  it  developes  its  wings.  In  other 
words,  the  Cockroach  passes  through  no  pupa  state,  which 
the  insect  enters  as  a  larva,  and  leaves  as  an  imago,  such 
as  is  so  well  known  to  occur  in  the  course  of  the  develop- 
ment of  Moths  and  Butterflies.  The  term  meiamorphons, 
in  its  technical  entomological  sense,  is  applied  only  to  that 
succession  of  changes  of  which  such  a  definite  pupal  con- 
dition forms  the  middle  term. 

It  is  obvious  that  a  metamoiphosis,  in  this  sense,  is  a 
secondary  complication  superinduced  upon  the  direct  and 
gradual  process  of  development  exhibited  by  such  insects 
as  the  Cockroach  ;*  and  that  the  Metdbola,  as  insects  having 
a  metamorphosis  are  termed,  are,  so  far,  more  differentiated 
than  the  Ametctbola,  or  those  which  have  no  metamorphosis. 
Again,  in  each  of  these  divisions,  it  is  clear  that  the  insects 
which  never  possess  wings  are  less  differentiated,  or  more 

*  Sir  John  Lnbbock  has  shown  panied  by  a  slight  change  of  form 

that  the  ^oung  Chioeda  (^Epha-  m  its  passage  to  the  adult  state. 

mera)  cUnudiatum  undergoes  more  (Trans.  Linn.  Soc.  1863.) 
ibaa  twenty  ecdyses,  eaeh  aeoom* 

2  B  2 


420       THE  ANATOHT  OV  OmiBTEBSATED  ANIMALS. 

embfyonic,  than  those  which  are  winged.  And  finallj, 
inaeota  with  the  parte  of  the  month  in  the  condition  of 
ordinaiy  gnathites  are  leee  differentiated  than  those  in 
which  snch  gnathites  aane  changed  in  f onn  and  function,  or 
becofoe  conflnent. 
The  insects  which,  in  this  view  of  their  morphological 

Vig.  103. 


Fi£[.l02.—  Campodea  ttapkylhnu^  one  of  the  JhifBtmum  (after  Lubbook).* 

relations,  oocupj  the  lowest  position  in  the  groap,  are  the 
GfMmi^la  and  ThyBcvnwra,  the  MaUophaga,  and  the  Pedi- 
eulvna,  inasmuch  as  they  possess  no  trace  of  wings  and 
undergo  no  metamorphosis. 

The  CoUembcia  and  Thysawwra  undergo  no  metamor- 
*  <  Monograph  on  the  CoiOembQla  sod  Tli^msMira^  fd.  liii. 
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phosifl,  and  are  alwajs  wingless.  The  abdomen  eontams 
six  segments  onlj  in  the  CoUeTiibola  {Podwra,  Smymihwims, 
Tomoeeros),  in  which  group  the  month  is  nsnally  provided 
with  mandibks  and  mazilkB,  though  these,  instead  of  being 
articulated  with  the  sides  of  the  head,  are  capable  of  being 
retracted  into  its  interior.*  In  the  genus  Anoma  the  mouth 
is  snctoriaL 

The  Th/ffmiiimra  (L^pitmoL,  Campodea,  Japyti)  resemble  the 
young  BlaUcB.  They  hare  ten  well-marked  abdominal  so- 
mites (CampodeOf  Fig.  102),  and  the  gnathites  conform 
to  the  mandibulate  type.  The  abdomen  in  Machetes  has  a 
pair  of  elongated  cylindrical  appendages  attached  to  every 
segment  except  the  first ;  while  Campodea  and  Japyx  have 
seven  pairs  of  such  abdominal  appendages.t 

The  CoUembola  are  provided  with  a  curious  tube  or  sucker, 
which  is  attached  to  the  sternum  of  the  first  abdominal 
somite,  and  gives  exit  to  a  glandular  process,  which  secretes 
a  viscid  matter.  Most  of  the  insects  belonging  to  this 
group  possess  a  curiously  contrived  "spring  and  catch" 
attached  to  the  sternal  region  of  the  penultimate  or  ante- 
penultimate somites  of  the  abdomen,  by  the  help  of  which 
they  execute  their  vigorous  leaps. 

Sir  John  Lubbock  could  find  no  trace  of  trachese  in 
any  of  the  CoUernbola  except  Smyntkvrus,  though  they  are 
easily  seen  in  many  of  the  Thyaanura.  According  to  the 
same  authority  L^piama  has  four  Malpighian  tubes,  while 
Camtpodea,  Japyx,  and  many  CoUembola  have  none. 

The  MaUephaga  are  parasites  upon  mammals  and  birds, 
on  the  haiiB  and  feathers  of  which  they  feed.  The  head 
and  body  are  depressed,  the  eyes  simple,  the  gnathites  of 
the  masticatory  type.  The  abdomen  has  nine  or  ten  visible 
segments. 

The  PedicuUna,  or  Lice,  subsist  upon  the  blood  of  the 
iTifi.TnTnft.la  qu  which  they  are  parasites.    The  gnathites  are 

*  Labbock '  Monograph  on  the      bM  similar  appendagea  attached 
CoUembola  and  Thjfaanura^  p.  37.        to  eaeh  segment  along  with  legs* 
t  The  myriapod  SeoloptndrUla       (Lubbock,  Ix.) 
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conrerfced  into  a  piercing  and  sacking  apparatus.  The 
nnder  side  of  the  head  presents  a  soft  protmsible  pro- 
bosoia,  provided  externally  with  minnte  homy  hooks,  and 
trarersed  by  a  canal  which  leads  into  the  OBsophagns. 
The  proboscis  incloses  two  groored  chitinons  styles  which 
are  applied  together  by  their  concare  sides;  and,  within 
the  sheath  thus  formed,  lie  two  finely-pointed  chitinouB 
setfiB  which  can  be  moved  up  and  down  in  the  sheath.* 
The  probosoia  is,  in  all  probability,  formed  by  the  onion 

Fig.  103. 


Fig.  103.— Per&i  n^ra.— A,  tlie  iqoatlc  apterous  larva.  B,  one  of  the 
transitional  stages  between  this  and  the  perfect  insect  C.  C  Regi>® 
Animal.') 

of  the  labrom  with  the  second  pair  of  maxiUffi,  while  the  two 
halyes  of  the  homy  sheath  are  the  mandibles,  and  the  setsB, 
the  first  mazill».  The  prothorax,  mesothorax,  and  meta- 
thorax  are  hardly  distingaishable,  and  the  abdomen  has 
nine  yisible  segments. 


The  Orthoptera  (Fig.  103)  and  the  Hemiptera  (Fig.  104)  are 
ametabolous.  The  majority  have  two  pairs  of  similar 
or  more  or  less  diBsimilar  wings  in  the  adult  state,  and 

*  Gerstfeldt,  *  Ueber  die  Mondtheile  der  Saogenden  Insecten,'  1858. 
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in  the  apterous  forms  it  is  probable  that  tbe  wings  are 
aborted,  not  tjipicallj  absent.  In  the  Orthopiera  *  (tbe 
Termites,  Cockroaches,  GrasBhopperB,  Crickets,  Daj-flies, 
Dragon-flies  and  Earwigs),  the  month  ia  constrncted  upon 
tbe  s&me  plan  ae  that  of  Blatta;  bnt  the  Phyaopoda  or 
Thyga'aoptera  (3%Hp>  and  itfl  allies),  small  winged  insectA 
which  live  chiefly  in  flowers,  present  a  modiflcation  which 
is  tranaitional  to  the  Hemipteran  month  (Gerstteldt,  L  e.). 
There  is  »  proboscis  directed  backwards  and  formed  bj  the 
nnion  of  tbe  labrom  with  the  labium,  which  last  is  provided 
with  palpe,  though  tbej  are  sometimes  Tory  small.  Tbe 
Fig.  104. 


Fig.  IM.—ApliUpclargoxii.     Aptaroui  »g»raogoQoiie  form, 

maiillfB  are  palpigerons  and  ore  united  at  their  bases  with 
the  labium.  The  mandibles  are  atylilorm  setts  enclosed  in 
the  proboscis. 

In  the  Semiptera,f  all  of  which  sack  tbe  blood  of  animals 
or  tbe  joices  of  planla  (Bngs,  Flant-lice,  Cicada),  winga 
may  be  present  or  absent,  and  the  eyes  are  nsaaUy  com- 
pound. The  visible  abdominal  somites  maj  be  rednoed  to 
sis.  The  gnathites  are  modified  to  form  a  piercing  and 
snctoriol  apparatus,  which  is  similar,  in  many  respects, 

•  The  ThfManura  itnil  thi  PAy-  wiUi  the  !ftunptira. 

lappda  are  often  uniied  with  the  t  The    SlaUoplviga     and     Uie 

Orth-^era  la  modem  oliuiBca-  Pedinlima   aie   united  wltb  the 

tioni.  irhlle  the  Ejdunttida  and  Utmipttra  by  (ome  authm. 

X^iiellulidit  UMd  to  be  ananged 
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to  that  of  the  PadtcuUna.  There  is  a  asuaUy  sharp  and 
pointed  labmin,  while  the  mandibles  and  TnnTilIm  are  mere 
taberolee,  annnonnted  bj  long  chitinoiu  pointed  atjlei,  of 
wMoh  tlierefore  there  are  four.  The  labium  is  ubdaUj 
represented  b^  a  median,  jointed,  fleshj,  elongated  bodj, 
the  anterior  fiice  of  which  pteeenta  a  longitudinal  groove 
in  which  the  mandibles  and  mfttillp*  are  enclosed.  Keither 
thfl  maxills  nor  the  Ubinm  are  provided  with  palps. 

Thos,  in  the  series  of  ametabolous  insects  there  are  some 

with  mastioatOTj,  othen  with  suctorial  months.    It  is  by 

no  means  dear  that  the  gnaUiites  of  the  suctorial  month  ot 

the  HtmipteTa    are  to    be  regarded    as  modifications  of 

Fig.  lOJ. 


Fig.  lOS.— fl'yrfraiAtVM  pwnu.— A,    larrk.       8,    pupi.       C,  bnucD. 
(•  Rigno  AnimJ/)  .    r  r  .        -» 

masticatory  gnathitee  of  the  type  exhibited  by  the  Ortho- 
ptera.  The  absence  of  palps  is  a  very  significant  tact,  sug- 
gesting that  the  Hemipteran  month  is  the  extreme  term  of 
a  aeries  of  modifications  for  the  commencement  of  which 
we  moet  go  bock  to  the  Myriapoda. 

The  metabolouH  Cohopiera,  or  Beetles  (Fig.  105),  have 
mssticatoiy  moitthsof  the  same  general  l^peas  thoeeof  tlie 
Orthoptera ;  with  which  thej  are  closely  connected  through 
the  IjBTwigs.  The  two  coustitaents  of  the  labium  are  how- 
ever mnch  more  completely  conflnent  than  in  the  Orikoptera. 
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There  are  Qsnally  two  pairs  of  wings,  the  anterior  pair  being 
conyerted  into  stiff  homy  elytra ;  these  take  no  part  in  the 
act  of  flight,  bnt  serre  as  covers  to  the  metathoracic  wings, 
which,  in  the  state  of  rest,  are  folded  np  beneath  them.  The 
number  of  apparent  somites  of  the  abdomen  is  often  much 
rednoed.  In  the  metaboloua  Neturopiera  (Ant-lions,  CaddiS" 
flies,  Scozpion-flies),  in  some  of  which  the  insect  is  more  or 
less  actiye  during  the  pupa  state,  the  parts  of  the  mouth 
are,  for  the  most  part,  yery  similar  to  those  of  the  Ortho- 
ptera.  In  two  groups  of  Newroptera,  however,  the  mouth 
becomes  suctoriaL  Thus  in  the  Trichopiera,  or  Caddis-flies, 
the  labrum  is  elongated  and  grooved  posteriorly;  the 
mandibles  are  aborted,  the  bases  of  all  the  gnathitee  are 
united,  and  the  labrum  is  a  spoon-shaped  body.  In  the 
Scorpion-flies  {Panorpina),  there  is,  according  to  Gerstf  eldt, 
a  proboscis  formed  in  front  by  the  elongated  dypeus  and 
labrum,  and  behind  by  the  coalesced  maxillea.  The  man- 
dibles are  small,  and  the  first  maiXiUm  much  elongated. 
The  ordinary  four  palps  are  present. 

The  Neuropiera  have  two  pairs  of  wings  of  a  delicate 
reticulated  structure.  The  metathoracic  wings  may  or  may 
not  be  folded. 

What  appears  to  be  a  further  development  of  this  type 
of  mouth  is  found  in  the  Lepidoptera  (Butterflies  and 
Moths).  The  labrum  and  the  mandibles  aborts  and  the 
labium  is  represented  only  by  a  triangular  plate  which 
bears  two  large  palps.  On  the  other  hand,  the  maxillm,  the 
palps  of  which  are  always  very  small,  are  often  immensely 
elongated  and  applied  together  by  their  channelled  inner 
faces,  thus  constituting  a  sucking  proboscis  (Fig.  106, 107). 
The  wings,  similar  in  character,  and  covered  with  minute 
scales,  are  rarely  absent.    Both  pairs  are  used  in  flight. 

In  the  metabolous  Diptera  (Flies  and  Fleas,  Fig.  108),  the 
mouth  is  constructed  upon  the  same  plan  as  that  of  the  Semi- 
ptera,  so  far  as  the  conversion  of  the  labium  into  an  organ  of 
suction  is  concerned ;  but  usually  the  metamorphosis  of  the 
gnathites  is  carried  still  further,  and  the  TnaTilIm  have  palps. 
Thus  in  the  Fleas,  which  are  parasitic  on  Tnammals  and 
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birds,  what  appears  to  be  the  tabmm  is  an  elongated,  alender 
at^Ie,  which  lies  between  the  two  eUingated  mandibles. 
The  first  masilliB  are  broad  triangnlar  platee,  eaiih  with  a. 
four-jointed  palp.  The  second  maxillffi  (labinm)  are  re- 
presented bj  a  short  median  lamgHn,  which  bounds  the 
Fig,  IOC.  FiB-  HJ7, 


cave  lurfuse  of 


I    b,  eplcn- 

aram ;  d,  cl;iieui  poilerior ;  e,  labrum ; 
lie;  jr,  maiilla  ;  A,  miuillBry  polpui; 
palpiu.  B,  baac  of  the  miilllB  with 
liblra  kud  tabramj  C,  lalenl  view  of 
(After  Newport.) 


,   papllle  -, 


month  behind  and  is  provided  with  two,  long  palps,  which 
resemble  knife  blades  and  are  imperfectly  divided  into  four 
joints.  The  three  somites  of  the  thorax  are  distinct,  and 
the  two  hinder  ones  have  lamellar  appendages,  which 
possiblj  represent  wings.  The  abdomen  has  ten  somites.* 
■  See  L.  Lindoi*,  *  ADMt>mie  des  Hnadeflobei,'  1866, 


THS  DIPTBBA.  427 

In  those  dipterooa  inHeeta  wTiicli  are  termed  Pujnpara, 
whicli  are  apt«roiia,  or  nearly  so,  and  parasitic  npcm 
mammalB,  birds  and  bees,  a  circular  wall,  or  abort  pro- 
boHcia,  invMta  the  other  parte  of  the  moath.  There  are, 
Bret,  two  lateral,  protnuible;  homj  plates;  secondly, 
an  anterior  and  a  posterior  seta ;  &e  latter  stronger  and 
grooved  longitadinall;  in  front.  Between  these  is  a  single 
fine  seta.  Gerstfeldt  considers  that  the  last  answers  to 
the  hypophaiTnz ;  the  second  pair,  to  the  labmin  and  the 
second  mafiiiiw ;  the  first  pair,  to  the  fint  TnnTiiim ;  and  that 
there  are  no  mandibles. 

The  ordinal;  IHptera,  which  posseea  one  pair  of  fonctional 
wings  attached  to  the  mesothorax,  resemble  the  fTnmpfera 
in  poseeeaing  a  nsnally  fleshj  proboscis,  often  tumid  at  its 

?lg.  108. 


I.    ('  Regne 

extremity,  which  is  formed  bj  the  confluent  second  mazillsa. 
As  in  JBemiptera  also,  the  labmm  is  a  more  or  less  elongated 
pointed  plate,  and  the  mandibles  and  ma.iillHi  axe  usuallj  ter- 
minated by  chitinona  cutting  setie  (Fig.  109).  Bntthebaswof 
these  parte  are  constantly  nnit«d  together;  there  is  a  pair  of 
mazillaiy  palpi,  and  often  a  median,  more  or  lew  s^liform 
stmotnre,  nsnally  considered  to  he  tbe  hypopharym.  It 
BeemB  doubtful,  however,  whether  this  may  not  be  formed  by 
the  coalesced  terminatdona  of  the  maxillffi.  In  the  common 
HonBe-fly,  the  labmm,  mandibles,  and  maiillEe  coalesce  at 
their  origins  to  constitute  the  bsee  of  the  proboscis,  which 
is  mainly  formed  by  the  confluent  second  maxilhe.  Its 
longitudinal    grooved   anterior  faoe  is  OTerhtiug  by  the 
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dongated  atjliform  labmm.  The  gn&thites  here  exhibit 
ftlmoBt the  extreme  modificatioii  of  the  piercing  andaacking 
type  of  mouth. 

Finally,  the  meUboloos  Symmcf^eira  with,  oaaaUy,  two 
pairs  of  reticol&ted  ecalelew  wings  present  a  series 
of  modificationa  from  the  essentially  mastioatorj  montli 
of  the  Ants  to  the  partlj  masticatorr  and  partly  suctorial, 

Fig.  IC)9. 


Dr.  109. — Eriitalti Jhitni d,  fnmt  of  (Ite  heul ;  e,  l&bnim ;  /,  tnui- 

oibla ;  a,  Duilla  Uld  palpua  i  >,  labium ;  ■*■  sztremit}  of  the  ikbiun 
•«nnt«l;  uid  mora  nugnifled ;  I",  ianer  surface  of  the  puagioisv ; 
i*^,  tlie  rowg  of  btin  on  the  inner  lurfMie ;  I,  the  l^ula ;  n,  the 
nrdo  and  lubnBnUUn.     (AJtar  Kewport.) 

or  rather,  lapping  month,  aach  ea  is  met  with  in  tiie 
Bees.  In  the  latter  (Fig.  110)  the  labnun  is  small;  be- 
neSiih  it,  a  median  fleahy  lobe — the  epipharynm — tyver- 
bangB  the  minute  aperture  of  the  month.  The  mandibles 
are  itrong  with  wide,  almost  spoon -ehB,ped,  eztremitieo. 
The  part  of  the  maTJlln  which  appears  to  answer  to 
the  Itieinia  in  BlaOa,  is  shaped  like  a  knife-blads  and 
folds  upon  the  stont  iUpe*,  like  a  clasp-knife  in  its  handle. 


TBI  HTMBROPTBBA. 


The  short  and  almost  mdimentaiy  palp  u  fttlaohed  to 
the  eitremitj  of  the  «tipaa.     The  eardinet  are  long  and 


Fig.  110.— (Upper  fljore.)  ftction  of  tfae  h«Kl  of  Bambti.  b,  ooelltn ; 
c,  BBtAinw ;  d,  olypem ;  *,  Isbrma ;  /,  XMBdlble ;  p,  eftobmrjia ;  A, 
mftillUi  i,  eurdo ;  j,  t,  I,  inbaKiitam  and  mentum ;  n,  ■■',  Ublal  pal- 
pal; ■,  paragloiu;  o,  Ungaa  or  m«diui  proeeu  of  the  Ilguia; 
■,  oodlplM  ftmmen :  i,  S,  fclarilwof  the  hjpapbai7iuL 

Cl^lt  lower  figure.)   lenDlnalpiratloDof  aniuilb. 

(Middls  lowBT  flgoie.)  Eplpharjiu  and  hTpopbuTDX  nusilled ;  1, 2, 
teleiltai  of  tbe  hTpopnuTU ;  S,  eat  ma  of  tba  ffiioptiegB* ;  4,  5, 
•oleiilee  In  the  mil  of  the  aaoiduBUB  and  ildw  of  the  moiuh  ;6,  Up- 
Uha  projection  of  the  hypophaijni ;  g,  epiphwyni. 

(Bight  lown  figure.)  a,  Qoadrkie  sclfrite  connected  bj  ■  trittgnlu 
piece  irlth  c,  one  of  the  lanoM  of  the  ttiag;  b,  duet  of  ttie  pM«o> 

Sluid ;  /,  grooved  mediu)  piece  Id  wbich  the  lancet  pta; ;  h,  one  <rf' 
le  lateral  lebne  palpiform  iheath-pjscee ;  g,  genital  aperture. 

slender  and  give  rise  to    a   hinge    joint,   wheirehj   the 
maniiim  and  Ubiom  oan  be  folded  back,  like  a  cMTuge 
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step,  under  tlie  head.  The  menttun  is  large,  the  labial 
palps  long  and  slender ;  there  are  two  large  paraglossse  and, 
between  them,  a  median,  annnlated,  setose,  cjlindrical 
organ  proceeds,  which  either  represents  the  lingaa,  or  is  an 
independent  prolongation  of  the  ligula.  Functionally,  this 
organ  is  a  tongue,  and  enables  the  bee  to  lap  np  the  honej 
on  which  it  feeds.  The  mandibles  and  maxillse  are  em> 
ployed  as  catting  and  modelling  implements,  bat  appear  to 
have  little  or  nothing  to  do  with  mastication,  properly  so 
called. 

The  gnathites  and  the  month  are  abortive  in  some 
insects,  as  the  Day-flies,  which  take  no  food  in  the  adult 
condition.  The  development  of  the  different  divisions  of 
the  alimentary  canal  varies  greatly.  Salivary  glands  are 
very  generally  present.  In  many  suctorial  insects,  the 
ingluvies  is  a  sac  opening  by  a  long  duct  into  the  gullet ; 
a  distinct  proventriculus,  provided  with  chitinous  ridges, 
may  be  present  or  absent.  The  ventriculus  appears  to  be 
always  devoid  of  an  inner  cuticula.  It  may  be  devoid 
of  cffica  or  beset  with  short  csdca  throughout  its  whole 
extent.  The  number  of  the  Malpighian  tubes,  which  are 
sometimes  branched,  varies  from  two  to  a  multitude.  In 
many  cases  they  have  been  found  to  contain  uric  acid ;  but 
no  bDiary  matter  has  yet  been  proved  to  exist  in  them. 
Anal  glands  are  frequently  appended  to  the  termination  of 
the  rectum,  and  may  secrete  an  acrid  or  stinking  fluid. 

In  some  larvsB  {Myrmecoleo,  DytUcus)  there  is  no  proper 
median  oral  aperture,  but  canals  which  open  on  the  ex- 
tremities of  the  mandibles  lead  into  the  cesophagus.  The 
alimentary  canal  has  no  posterior  opening  in  the  larvsB 
of  many  Hymencptera,  of  Myrmecoleo  and  of  the  Pvpijpara. 
The  salivary  glands  secrete  the  silken  material  in  which 
the  larvce  of  the  Lepidoptera  invest  themselves ;  while,  in 
Myrmecoleo  and  the  HerAerobidoB,  it  is  the  rectum  which 
furnishes  the  silk. 

The  poison  of  the  Symenoptera  is  a  fluid  strongly  im- 
pregnated with  formic  acid,  which  is  secreted  by  a  special 
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gland  and  poured  into  a  reservoir  connected  with  the 
sting. 

In  many  winged  insects  both  pairs  of  wings  are  de- 
veloped and  take  eqnal  shares  in  flight  (Hymenopteraf 
Lepidoptera,  Newroptera).  In  the  Coleopt&ra,  the  anterior 
pair  are  converted  into  homy  wing-covers  {elytra),  and 
the  posterior  pair,  mnch  larger  than  the  anterior  and 
folded  up  under  them  when  the  insect  is  at  rest,  subserve 
flight.  In  the  Diptera  the  posterior  wings  are  represented 
only  by  short  processes,  the  haUeres,  In  the  Sirepeiptera,  on 
the  other  hand,  it  is  the  anterior  pair  of  wings  which  abort. 
In  all  orders  of  winged  insects,  individual  cases  of  complete 
abortion  of  the  wings  occur  either  in  the  female  alone,  or 
in  both  sexes. 

The  posterior  abdominal  somites  often  undergo  extensive 
modifications ;  they  may  be  small  and  retracted  within  the 
anterior  somites,  or  they  may  even  become  more  or  less 
completely  abortive.  In  many  insects,  processes  of  the 
somites  in  the  genital  region  of  the  female,  which  answer 
to  the  gonapophyses  of  Blaita,  are  converted  into  organs 
which  assist  in  the  deposition  of  the  eggs  and  are  termed 
aviposiiors.  The  saws  of  the  Saw-flies  and  the  stings  of 
other  Symenoptera  are  to  bo  regarded  as  specially  modified 
ovipositors.  The  laborious  and  thoughtful  investigations 
of  Lacaze-Duthiers  *  led  him  to  the  conclusion  that  all 
these  organs  are  constructed  upon  l^e  same  plan;  that 
they  are  developed  from  that  somite  of  the  abdomen  which 
lies  immediately  behind  the  opening  of  the  vulva;  that 
this  opening  is  always  situated  between  the  eighth  and  the 
ninth  somite ;  and  is  therefore  separated  by  three  somites 
(the  ninth,  tenth,  and  eleventh),  from  the  anus. 

According  to  Lacaze-Duthiers,  in  those  insects  which  are 
provided  with  an  ovipositor,  saw  or  sting,  the  ninth  somite 
always  consists  of  a  single  median  tergal  sclerite,  to  the 
inferior  angles  of  which  are  connected  two  small  more  or 
less  triangular  pieces,  each  of  which  carries  a  long  styli- 

*  **  Recherches  ear  Tannnre  genitale  femelle  de«  Inseotes."  C  Aimales 
det  SoiencM  Naturelles/  184»-18&30 
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form  appendage.  There  is  a  single  median  sclmte,  which 
is  the  most  important  part  of  the  boring  apparatus;  two 
small  sclerites  are  nnited  with  the  lateral  angles  of  this 
piece,  and  there  are  two  other  elongated  sclerites  which 
constitute  a  valvalar  sheath.  Thus,  according  to  Laoaze- 
Dnthiers*  view,  in  the  sting  of  Bofnbus  (Fig.  94)  h  is  one 
of  the  elongated  lateral  sternal  sclerites,  which  with  its 
fellow  forms  a  sheath  for  the  rest  of  the  apparatos ;  /  is  the 
median  sternal  sclerite;  it  is  pointed  and  groored  on  its 
sternal  surface;  while  c,  one  of  the  lances,  is  a  process 
of  the  tergal  half  of  the  somite.  Each  lance  is  sharp  and 
slender,  and  its  tergal  edge  fits  upon  the  mai^^in  of  the 
grooYC  of  the  median  style,  in  such  a  manner  as  to  be  able 
to  slide  backwards  and  forwards  upon  it.  The  sternal  edges 
of  the  two  lances  meet  in  the  middle  line,  and,  together  with 
the  median  sternal  piece,  enclose  a  canal  which  serves  to 
convey  the  secretion  of  the  XK>ison  gland  into  the  wonnd 
made  by  the  sting.  In  the  operation  of  stinging,  the  median 
piece  serves  as  a  sort  of  "  director  "  for  the  two  lances. 

However,  recent  investigations  into  the  development  of 
stings  and  ovipositors,*  e,g.  the  sting  of  the  Hive-bee,  and 
of  the  Wasp  and  the  ovixK>8itor  of  an  Ichnenmon-fly  (Oryptua 
migrator),  show  that  while  the  median  grooved  piece  and  the 
two  sheath-pieces  arise  from  papillsB  developed  upon  the 
sternal  surface  of  the  ninth  abdominal  somite  of  the  larva, 
the  lanoes  are  the  result  of  the  metamorphosis  of  papillsB 
seated  on  the  sternal  surface  of  the  eighth  somite;  and 
these  papillsB  are  so  similar  to  those  from  which  the  limbs 
are  developed,  that  it  becomes  (to  say  the  least)  probable, 
that  they  represent  true  appendages  of  the  somites  to 
which  they  are  attached,  rather  than  mere  modifications  of 
the  sclerites  of  the  body- wall,  as  Lacaze-Duthiers  supposed 

*  Kraepelin, "  Untersachungen  des    Stachels    und    der    Lege- 

uber  den  Bau,  Mecbanismiw  und  scheide.'*  (*  Zeitsohrift  fOr  Wias. 

Entwickelungsgeschichte       des  Zonlogie,'l875.)    See  also  the  ob- 

Staohels      der       Bienenftrtigen  servations  of  Packaxd,  '  On  the 

Thiere*'    C  Zeitschrift  fiir  Wiss.  development  and  position  of  the 

Zoologle/    1873);    and    Dewitz,  Uymenoptera,'  1866. 
*»Ueber  Bau  und  Entwickelung 
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them  to  be.  In  like  maimer,  the  ezamiiiation  of  the  develop- 
ment of  the  ovipositor  of  Locuaia  viriddsaima  has  proved 
that,  of  the  three  pieces  of  which  each  half  of  it  is  com- 
posed, two  are  developed  from  the  sternum  of  the  ninth 
and  one  from  that  of  the  eighth  somite.  But  the  two 
median  pieces  of  the  ninth  somite  do  not  nnite  together  to 
form  a  single  piece  grooved  below,  as  in  the  hymenopterons 
sting  or  ovipositor.  And  observations  which  I  have  made 
on  the  development  of  the  gonapophyses  of  Blatta,  lead  me 
to  the  conclnsion  that  the  posterior  bifid  pair  are  developed 
from  the  ninth,  and  the  anterior  curved  pair  from  the 
eighth  somite.  In  this  case  the  latter  will  be  the  homo- 
logne  of  the  lances  of  the  Bee  sting. 

Thus  it  would  appear  that,  while  there  can  be  no  doubt 
as  to  the  general  unity  of  plan  of  ovipositors  and  stings, 
the  view  of  Lacaze-Duthiers  must  be  modified.  It  must 
be  admitted  that  these  apparatuses  appertain  to  the  eighth 
and  ninth  somites,  and  not  to  the  ninth  alone ;  and  that 
there  is  much  reason  to  suspect  that  their  chief  constituent 
parts  are  modified  limbs. 

The  male  copulatory  organs  *  are  often  very  complicated, 
and  their  homologies  have  not  yet  been  fully  determined. 
Kraepelin  (2.  c.)  who  has  examined  the  developmait  of  these 
parts  in  the  Drone,  and  the  modifications  found  in  herma- 
phrodite Bees,  is  led  to  the  conclusion  that  they  are  developed 
from  the  eighth  and  ninth  somites  of  the  abdomen,  and 
therefore  are  the  homologues  of  the  parts  of  the  sting  in 
the  female.  In  the  male  BUxUa,  however,  it  is  obvious  that 
the  male  copulatory  apparatus  belongs  to  a  more  posterior 
somite  than  that  upon  which  the  female  gonapophyses  are 
developed. 

The  heart  usually  has  the  form  of  a  flattened  tube,  dosed 
at  its  posterior  end,  but,  in  front,  continued  into  the  aorta, 

*  The  male  LibeUtdida  possess  ordinaij  position,  and  henee,  be- 

a  peculiar  copulatory  apparatus  fore  copuiatioii,  the  male  has  to 

developed  upon  the  sternum  of  bend  the  extremity  of  his  abdo- 

the   second   abdominal    somite.  men  upwards  in  order  to  load 

The   genital   aperture    has   the  thi»  apparatus  with  spermatoaoa. 

2  F 
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which  may  be  traced  aa  far  aa  the  cerebral  ganglia,  and 
appears  to  give  off  no  branches.  The  sides  of  the  tube 
present  slit-like  openings  {oitia),  which  ystj  in  number 
from  two  to  nine  pairs ;  and,  when  there  are  several  pairs, 
each  pair  answers  to  a  somite  of  the  abdomen.  The  margins 
of  the  ostia  may  be  simple,  or  may  be  produced  inwards 
into  folds  which  play  the  x>art  of  valves.  Muscular  or 
ligamentous  fibres  may  extend  from  the  hypodermis  to 
the  dorsal  aspect  of  the  heart,  and  serve  to  suspend  it  in 
place. 

The  alary  muscles,  which  in  most  insects  are  fan-shaped, 
and  lie  in  pairs,  opposite  one  another,  on  each  side  of  the 
heart,  either  unite  in  the  middle  line,  or  are  inserted  into 
a  sort  of  fascia,  on  the  sternal  aspect  of  the  heart,  to  which 
organ  they  are  not  directly  attached. 

The  septum  between  the  pericardial  cavity  and  the 
general  cavity  of  the  abdomen  thus  formed,  is  termed  by 
Graber*  the  pericardial  septu/m.  From  their  anatomical 
.relations,  therefore,  the  alary  muscles  can  have  nothing 
to  do  with  the  diastole  of  the  heart,  the  pulsations  of  which 
indeed,  go  on  just  as  well  when  the  alary  muscles  are  cut 
through.  Graber  throws  out  the  very  probable  suggestion 
that  the  contraction  of  the  alary  muscles  causes  iiie  peri- 
cardial septum  to  move  towards  the  axis  of  the  body,  and 
by  thus  enlarging  the  cavity  of  the  pericardium,  facilitates 
the  flow  of  blood  to  the  ostia  of  the  heart.  The  same 
investigator  ascribes  a  special  i*espiratory  function  to  the 
abundant  trachea  which  are  distributed  to  the  walls  of  the 
pericardium,  and  which,  imdoubtedly,  must  tend  to  facili- 
tate the  aeration  of  the  returning  blood. 

In  many  insects,  a  septum,  provided  with  transverse 
muscles,  overlies  the  abdominal  nerve-cord  and  separatee 
a  ventral  blood  sinus,  in  which  the  cord  lies,  from  the 
abdominal  cavity.  The  sinus  is  open  in  front  and,  as  the 
muscles  of  the  septum  contract  rhythmically  from  before 

*  **neber  den  propulsationi-  187.^),  and  ''Ueber  den  pulsi- 
schen  Apparat  der  Insecten**  renden  Bauchainusderlnseoten.'* 
('  Zeitschrift  fur  Wise.  Zuologie,'       (Ibid.,  1876.) 
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backwards,  they  tend  to  drive  the  blood  which  enters  it 
to  the  posterior  end  of  the  body. 

In  the  respiratory  system  of  insects  the  ntunber  of 
stigmata  is  observed  to  vary  from  one  to  ten  pairs.  As  a 
rule,  none  are  fonnd  in  the  head,*  or  between  the  head  and 
the  first  thoracic  somite,  and  they  are  usually  absent  from 
the  terminal  somites  of  the  abdomen.  A  very  common 
nnmber  is  nine  pairs ;  the  first  being  situated  between  the 
mesothorax  and  the  metathoraz,  and  the  rest  between  the 
following  somites.  Only  two  pairs  of  stigmata  are  found  in 
the  LibellulidcB  and  Ephemeridoe,  and  they  are  seated  upon 
the  thorax.  In  Nepa  and  Banaira,  there  is  only  one  pair  of 
abdominal  stigmata,  in  addition  to  those  in  the  thorax,  and 
in  the  larvsB  of  TipvMdoR  and  of  Hydrophihu,  the  stigmata 
are  reduced  to  one  terminal  abdominal  pair.  The  stigmatic 
openings  are  usually  situated  upon  the  sides  of  the  abdomen, 
but  in  some  Coleoptera  (e.  g.  Dytiscvs)  they  are  dorsal,  and 
in  many  Hemiptera  they  are  situated  on  the  ventral  aspect  of 
that  region  of  the  body.  Either  the  lips  of  the  stigmatic 
aperture  itself,  or  the  walls  of  the  tracheal  trunk  which  arises 
from  it,  are  so  disposed  as  to  constitute  an  occlusor  apparatus, 
provided  with  a  muscle,  by  the  contraction  of  which  com- 
munication with  the  external  air  can  be  cut  off.  This  occlusor 
apparatus,  long  ago  described  in  certain  insects  by  Strauss-^ 
Durckheim,  Newport,  Burmeister,  Siebold  and  others,  has 
recently  been  specially  investigated  by  Landois  and  Thelen,t 
who  describe  it  as  usually  consisting  ol  four  essential  parts : 
the  bow  (YerschluBS-bugel),  the  lip  (Yerschluss-band),  the 
lever  (Yerschluss-hebel),  and  the  muscle.  The  bow  is  a 
thickening  of  one-half  of  the  circumference  of  the  chitinous 
lining.  The  lip  is  formed  by  the  other  half  of  i^e  circum- 
ference, and  the  lever  is  a  chitinous  process  connected  with 
one  end  of  the  bow,  or  with  the  lip.  When  the  lever  is 
single,  the  muscle  which  is  attached  to  it  passes  over  the  lip 

*  Sir  John  Lubbock  found  the  t  "  Der  Stigmenverschlu^s  bei 

two  spiracles  of  Smyathmnu^  to  be  d  en  Insecten.^    (*  Zeitschrift  fur 

situated  on  the  under  side  of  the  Wissenschatlliche          Zoologie/ 

head,  immediately  below  the  an-  1(!67.) 

tennsB.  2  F  2 
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and  is  inserted  into  the  opposite  end  of  the  bow.  When  it 
contracts,  it  therefore  presses  the  lip  against  the  bow.  When 
two  levers  are  present,  thej  are  attached  to  opposite  ends 
of  the  lip  and  bow,  and  the  muscle  extends  between  their 
extremities.  The  effect  of  its  contraction  is  to  thrnst  the 
free  edge  of  the  lip  against  the  bow. 

The  tracheal  trunk  which  arises  from  a  stigma  may 
ramify  without  communicating  with  the  rest ;  but,  usoallj, 
the  trachesB  which  proceed  from  each  jstigma  enter  into 
more  or  leas  extensive  anastomoses.  Yery  oommonlj  the 
main  trunks  of  each  side  give  off  wide  anastomotic  branches, 
which  unite  and  form  a  longitudinal  trunk  on  each  side  of 
the  body,  while  transverse  trunks  often  connect  the  main 
tracheaB  of  opposite  sides. 

In  many  insects,  especially  those  which  possess  great 
powers  of  flight,  more  or  fewer  of  the  trachesB  become 
dilated  into  sacs,  in  which  the  spiral  marking  of  the 
chitinous  lining  is  interrupted  or  disappears.  In  Bees 
and  Flies,  a  vast  air-sac  is  thus  developed,  on  each  side  of 
the  abdomen,  from  the  longitudinal  anastomotic  trunk. 

The  aquatic  larves  of  many  Orihoptera  {EphemeridcB, 
Agrion,  Cahpteryx)  and  Newropiera,  and  of  some  Dipterct^ 
Lepidoptera,  and  Coleoptera,  though  provided  with  a  fully- 
developed  tracheal  system,  possess  no  stigmata.  The 
somites  of  the  abdomen  or  of  the  th<»:ax  are,  however, 
provided  with  delicate  f  oliaceoos  or  filamentous  processes, 
into  which  branches  of  the  trachesB  enter  and  ramify.  The 
air  contained  in  these  tracheee  is  therefore  separated  from 
that  dissolved  in  the  water  only  by  a  very  thin  layer  of 
integumentary  tissue,  and  an  exchange  of  gaseous  con- 
stituents  between  the -two  readily  takes  place.  These  are 
often  called  hranchioB,  but  they  are  obviously  of  a  totally 
different  nature  from  true  branchis.  The  larvae  of  some 
Dragon-flies  {Libellula  and  JSschna)  present  yet  another 
form  of  respiratory  organ.  Although  they  possess  a  pair 
of  thoracic  stigmata,  these  appear  to  have  little  or  no 
functional  importance,  but  respiration  is  effected  by  pump- 
ing water  into  and  out  of  the  rectum.    The  walls  of  the 
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latter  are  produced  into  six  double  series  of  lamellsB,  in  the 
interior  of  which  trachee  are  abnndantlj  distributed,  and 
which  play  the  same  part  as  the  tracheal  branchi»  just 
mentioned.  These  rectal  respiratory  organs,  in  fact,  appear 
to  be  a  complicated  form  of  the  so-called  "  rectal  glands  " 
which  are  so  generaUj  met  with  in  insects. 

The  chief  agent  of  the  movements  of  expiration  and 
inspiration  in  insects  is  the  abdomen,  the  capacity  of  which 
may  be  diminished  by  the  approximation  of  its  terga  and 
sterna,  and  the  shortening  of  its  length  by  the  retraction 
of  its  posterior  into  its  anterior  somitea;  while  it  may 
be  enlarged  by  movements  in  the  opposiitft  directions. 
When  the  cavity  is  enlarged,  air  rashes  in  at  the  stigmata, 
and  when  it  is  diminished,  if  the  stigmata  are  open,  expira- 
tion oodxrs ;  but,  if  the  stigmata  are  shut,  the  effect  of  the 
expiratory  act  must  be  to  drive  the  air  into  the  ultimate 
ramifications  of  the  tracheoB.  The  moveqients  of  inspira- 
tion and  expiration  vary  in  rapidity  with  the  condition  of 
the  insect.  In  the  Bee,  Newport  observed  that  in  the  state 
of  rest  they  were  as  few  as  forty,  but  that  they  rose  to  one 
hundred  and  twenty  with  muscular  exertion. 

The  air-sacs  doubtless  assist  flight  by  the  diminution  of 
the  specific  gravity  of  the  insect,  which  follows  upon  their 
distention. 

The  sounds  produced  by  insects  *  are,  in  a  great  propor- 
tion of  cases,  effected  by  the  friction  of  hard  parts  of  the 
integument  one  against  the  other.  Thus  the  Grasshopper 
rubs  the  femur  of  the  hind  leg  against  a  ridge  on  the  anterior 
wing,  and  the  chirp  of  the  Crickets  and  Locusts  is  produced 
by  the  friction  of  the  elytra.  The  parts  which  thus  mb 
together  are  provided  with  serrations  and  ridges,  which 
have  a  constant  and  characteristic  disposition.  The  longi- 
com  Beetles  produce  a  sound  by  the  friction  of  the  tei^gum 
of  the  prothorax  upon  a  process  of  that  of  the  mesothorax, 
and  the  Dui^-beetles  by  rubbing  the  coxa  of  the  hind  legs 
against  the  hinder  edge  of  the  third  abdominal  sternum. 

*  See  LandoiB,  <*Die   Ton-  nnd  Stimm-Appamte  der  Inaecten." 
(« Zdtaehrift  iur  WiM.  Zoologie,'  1867.) 


438   THE  ANATOMY  OF  INVEBTEBBATED  ANIMALS. 

Further,  BoandB  are  necessarily  prodnoed  by  the  extremely 
rapid  vibration  of  the  wings,  which  characterises  the  flight 
of  many  insects.  Landois,  howeyer,  found  that  the  thorax 
of  a  Bluebottle  fly  continued  to  buzz  after  the  separation 
of  the  head,  the  wings,  the  legs,  and  the  abdomen.  The 
separation  of  the  halteres  weakened  the  sound  but  slightly. 
The  acoustic  apparatus,  in  fact,  lies  in  the  immediate 
neighbourhood  of  the  thoracic  stigmata.  The  main  trunk 
of  the  trachesB  dilates  into  a  hemispherical  sac,  which  opens 
externally  by  the  stigmatic  orifice.  The  sac  presents  a 
hooplike  thickening,  to  which  are  attached  free  chitinous 
folds  or  processes,  and  it  is  to  the  vibration  of  these  that 
Landois  ascribes  the  soimd.  The  vocal  organ  of  the  Fly 
would  thus  appear  to  be  a  modification  of  the  occlnsor 
apparatus  of  the  stigmata,  just  as  the  organ  of  voice  of 
mamma.lH  is  a  modification  of  the  ocdusor  apparatus  of 
their  i*espiratory  .opening. 

In  the  dcadoe  the  vocal  organs  are,  according  to  Landois, 
the  posterior  thoracic  stigmata.  These  open  into  chambers, 
in  the  walls  of  which  tense  membranes  are  so  disposed  as 
to  intensify  the  sound  by  their  resonance. 

As  in  the  Crustacea,  so  in  insects,  the  central  nervous 
system  varies  very  much  in  the  extent  to  which  its  com- 
ponent ganglia  are  united  together.  In  most  Ortkoptera  and 
Neuaroptera  and  in  many  Coleoptera,  the  thoracic  and  ab- 
dominal ganglia  remain  distinct  and  are  united  by  double 
commissures  as  in  Blaita.  In  the  L^Moptera,  the  thoracic 
ganglia  have  coalesced  into  two  masses  united  by  double 
commissures ;  while  in  the  abdomen  there  are  five  ganglia, 
with  single  or  partially  separated  commissural  cords.  The 
concentration  goes  furthest  in  some  Diptera  and  in  the 
Strepsiptera,  in  which  the  thoracic  and  abdominal  ganglia 
are  fused  into  a  common  mass. 

A  system  of  stomato-gastric  nerves  similar  in  its  general 
arrangement  to  that  of  Blatta,  is  very  generally  present. 

A  special  system  of  nerves,  termed  respiratory  or  transverse, 
is  found  in  veiy  many  insects,  both  in  the  larval  and  in  the 
perfect  condition.    The  principal  nerves  of  this  sjrstem  are 
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arranged  in  pairs  on  the  sternal  aspect  of  the  bodj,  and  their 
outer  extremities  anastomose  with  branches  of  the  ordinary 
peripheral  nerves  and  are  disti'ibnted  to  the  mnscles  of  the 
stigmata.  Their  inner  ends  nnite  into  a  plexns,  which  lies 
over  the  interval  between  two  of  the  ganglia  of  the  central 
nervous  cord,  and  they  are  connected  by  longitudinal  cords 
with  one  another,  and  with  these  ganglia. 

In  insects,  as  in  other  arthropods,  the  branches  of  the 
nerves  which  are  distributed  to  the  integument,  and  espe- 
cially those  which  pass  to  the  bases  of  the  larger  or  smaller 
setsB  with  which  the  integument  is  provided,  frequently  end 
in  minute  ganglia.  Hensen  has  shown  that  in  the  Crustacea^ 
similar  sete  in  all  probability  have  an  auditory  function ; 
and  Leydig,  Hicks,  Lesp^,  Landois,  and  others,  have  as- 
cribed functions  of  special  sensation  to  these  structures 
in  insects.  But  whether  these  setee,  on  the  antennsB  or 
elsewhere,  subserve  either  hearing  or  smell,  is  still  very 
doubtful ;  and  the  only  organs  which  can  safely  be  regarded 
ajB  auditory  in  insects,  are  those  which  occur  in  Grasshoppers 
{AerididoB),  Crickets  {AchetidoB),  and  Locusts  (LoetudidcB),  and 
which  were  first,  accurately  described  by  Yon  Siebold.* 
Iteceutly,they  have  been  studied  by  Leydig,  Hensen,  Banke,t 
and  Oscar  Schmidt,^  but  it  must  be  confessed  that  much 
obscurity  still  hangs  over  their  minute  structure. 

In  the  Aerididce,  the  chitinous  cuticula  of  the  metathorax 
presents  on  each  side,  above  the  articulation  of  the  last 
pair  of  legs,  a  thin  tympanif orm  membranous  space  sur- 
rounded by  a  raised  rim.  On  its  inner  face,  the  cuticular 
layer  of  the  tympanif  orm  membrane  is  produced  into  two 
processes,  one  of  which  is  a  slender  stem  ending  in  a  hollow 
triang^ular  dilatation.  A  large  tracheal  vesicle  lies  over  the 
tympanic  membrane,  and  between  its  wall  and  the  latter, 
a  nerve  derived  from  the  metathoracic  ganglion,  passes  to 
the  region  occupied  by  the  processes,  and  there  enlarges  into 

*  •  Arehiv    filr    Natorgesohi-  1875.) 

ehte,'  1864.  %  Schmidt,   "Die   Oehrorgane 

t  **  Beitrfige  zu  der  Lehre  von  der     Heuschrecken."     ('  Archly 

den  UebergangB-Sinneforganen."  fur  Milcr.  Anatomie,*  1875.) 
('  Zeitschnft  fur  Wiss.  Zoologie/ 
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a  ganglion,  the  outer  face  of  which,  beset  with  munerons 
glassy  rods  arranged  side  by  side,  is  in  contact  with  the 
tjmpanif orm  membrane.  A  nerve  arising  from  this  gan- 
glion passes  along  a  groove  to  the  '  stem '  and  ends  in  a 
ganglion  in  its  dilatation.  From  this  ganglicm  certain 
fine  filaments  proceed. 

In  the  AeheHd<B  and  LocugHdcB,  the  tibiee  of  the  fore  legs 
present  similar  tjmpanif  orm  membranes  which  are  eaaily 
seen  in  the  common  Cricket,  bnt,  in  other  farms,  become 
hidden  by  the  development  over  them  of  folds  of  the  cuticle 
of  the  a^acent  region  of  the  limb.  Two  spacious  tracheal 
sacs  occupy  the  greater  part  of  the  cavity  of  the  tibia,  and 
a  large  nerve  ends  in  a  ganglion  in  the  remaining  space. 
Upon  this  ganglion  a  series  of  peculiar  short  rod-like  bodies 
are  set. 

The  compound  eyes  of  insects  differ  only  in  detail  from 
those  of  the  Onidacea. 

In  the  oeeUi,  or  so-called  simple  eyes,  a  sclerotic,  a  c<Hnea, 
a  lens,  a  vitreous  humour,  and  a  choroid  coat,  have  been 
distinguished,  and  the  whole  organ  has  been  compared  to 
the  vertebrate  eye.  But  the  *  lens '  appears  to  be  always  a 
mere  thickening  of  the  cuticle  which  constitutes  the  oomea, 
and  the  so-called  '  vitreous  humour '  is  partially  or  wholly 
made  up  of  crystalline  cones  analogous  to  those  which  are 
found  in  the  compound  eye.  In  this  respect  the  ocellus 
of  the  insect  resembles  the  simple  eye  in  Araehnida  and 
Crtuiaeea,* 

Many  insects,  as  the  Glow-worm  and  Lantern-flies,  axe 
remarkable  for  their  power  of  emitting  light. 

According  to  Schuke  f  the  males  of  La/mpyri$  eplendidiUa 
possess  two  photogenic  organs,  which  lie  on  the  sternal 
aspects  of  the  penultimate  and  antepenultimate  abdominal 

*  Leydig,     'Das     Aage    der  t  "  Zur  Kenntniss  der  Leacht* 

Gliederthiere,'    lh64.      Landois,  organe    von    Lampyru    tplendi- 

*«DieRaupenauge»' («ZeiUohrift  dula."       («Arohiy     fur      MIkr. 

rUr  WiflB.  Zoologie,'   18h6),  and  Anatomie,^  1855.)    See  also  X5U 

'*Zur     EntwickelungBgeschichte  liker, '  WursbuxgPhyB.  Med.  Ge- 

der  faoettirten  Augen  von  TemC'  sellscbafV  1^7, 
bria  molitor"  (Ibid.,  1;?67). 
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somites.  Each  is  a  thin,  whitish  plate,  one  face  of  which 
is  in  contact  with  the  transparent  chitinoiiB  cuticnla,  while 
the  other  is  in  relation  with  the  abdominal  nerre-oord  and 
the  yiscera.  The  sternal  gives  ont  mnch  more  l%ht  than 
the  tergal  face.  The  photogenic  plate  is  distingiushable 
into  two  layers,  one  occupying  its  sternal  and  the  other  its 
tergal  half.  The  former  is  yellowish  and  transparent,  the 
latter  white  and  opaque,  in  consequence  of  the  multitude  of 
strongly  refrsKsting  granules  which  it  contains.  Trache® 
and  nerves  enter  the  tergal  layer,  and  for  the  most  part  tra- 
verse it  to  terminate  in  the  sternal  layer,  winch  alone  is 
luminous.  Each  layer  is  composed  of  polygonal  nucleated 
cells.  The  granules  are  doubly  refractive,  contain  uric  acid, 
and  probably  consist  of  urate  of  ammonia  (KoUiker).  Hence 
the  cells  of  the  layer  which  contain  them  are  termed  by 
Schulze  the  "urate  cells,"  while  he  calls  the  others  the 
**  parenchyma  cells."  The  branches  of  the  tracheee  which 
ramify  among  the  parenchyma  oella  end,  like  those  of  other 
parts  of  the  body,  in  stellate  nucleated  corpuscles,  one  pro- 
cess of  the  corpuscle  passing  into  a  ramification  of  the 
trachea.  Schulze  is  inclined  to  thisik  that  the  other  pro- 
cesses end  in  parenchyma  cells. 

The  nerves  of  the  photogenic  plates  are  derived  from 
the  last  abdominal  ganglion ;  they  branch  out  between  the 
parenchyma  cells  into  finer  and  finer  branches,  which  even- 
tually escape  observation. 

The  female  reproductive  organs  of  insects  coasist  of  the 
ovarian  tubes,  or  ovarioles,  with  their  so-called  peritoneal 
investments,  and  of  the  oviducts,  which  unite  into  a  vagina ; 
while  a  spermatheca,  and,  generally,  accessory  glands  open 
into,  or  close  to,  the  vagina. 

The  ovarioles  may  be  few  or  very  nomerous.  Each 
consists  of  an  eztomal  structnreless  membrana  propria, 
within  which  lies  a  solid  columnar  mass  composed  of  cells. 
The  anterior,  usually  tapering,  end  of  this  ovarian  mass  is 
composed  of  protoplasmic  substance  in  which  nuclei  are 
imbedded,  but  in  which  the  contours  of  the  cells  which  they 
indicate  are  not  disting^niahable.    Further  back,  some  of 
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these  nuclei  enlarge,  become  BurroTmded  by  an  aocnmn- 
lation  of  protoplajsm,  and  constitute  the  primitiye  ova. 
Each  primitiye  OTnm  is  separated  from  its  fellow  by  a 
layer  of  nucleated  protoplasm  which  thus  forms  a  capsule 
around  it.  In  some  insects,  such  as  Blatta,  the  capsule 
is  hardly  distinguishable  in  those  ova  which  lie  between  the 
smallest  and  those  of  middling  size,  which  follow  the  former 
in  order  from  before  backwards.  But,  in  the  larger  ova  which 
succeed  these,  the  cells  of  the  oyicapside  rapidly  enlarge 
in  a  direction  perpendicular  to  the  surface  of  the  ovum, 
and  constitute  a  very  well-marked  epithelial  layer.  I  am 
inclined  to  believe  that,  for  some  time,  an  addition  is  made 
to  the  vitellus  of  the  egg  by  these  epithelial  cells,  and  that 
they,  in  fact,  play  the  part  of  vitelligenous  cells.  But  however 
this  may  be,  before  long,  a  delicate  structureless  lamella 
appears  on  ihe  surface  of  the  vitellus  and  encloses  the  egg 
as  a  vitelline  membrane.  The  epithelial  cells  of  the  ovi- 
capsule  next  secrete  from  their  surface  a  thicker,  often 
ornamented,  layer  of  chitinous  substance,  which  constitutes 
the  chorion,  and  the  egg  is  complete. 

The  ovarian  mass,  therefore,  as  Waldeyer  has  justly 
pointed  out,  corresponds  with  one  of  the  epithelial  tubes 
of  the  ovary  of  a  vertebrated  animal,  and  the  ovicapsules 
answer  to  Graafian  follicles. 

In  some  insects,  as  Aphis,  the  indifferent  tissue  of  the 
anterior  end  of  the  ovarioles  gives  rise  not  only  to  ova 
and  ovicapsular  epithelium,  but  to  large  vUelligefiaus  celU, 
These  stay  in  the  dilated  anterior  chamber  of  the  ovarian 
tube.  But  each  ovum  is  originally  connected  by  continuity 
of  substance  with  one  of  these  cells,  and  the  pedicle  of 
connection  may  be  traced  even  to  the  second  and  third 
ovum.  It  seems  probable,  therefore,  that  these  "  vitelligenous 
cells,"  for  some  time,  supply  material  to  the  growing  ova. 

In  most  insects,  similar  vitelligenous  cells  are  found ;  but 
they  are  situated  at  the  anterior  end  of  each  ovicapsule,  so 
that,  as  the  column  of  ovicapsules  lengthens  by  the  addition 
of  new  ovicapsules  to  its  anterior  end,  the  vitelligenous  cells 
are  interposed  between  every  two  ova.    The  vitelline  mem* 
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1>Tane  and  tlie  chorion  first  inyest  the  posterior  extremity 
and  the  sides  of  ihe  OYtun;  and,  for  some  time,  leave  an 
opening  at  the  end  of  the  OYum  adjacent  to  the  vitelligenons 
cells.  This  opening  is  usuaJlj  onlj  partiallj  closed,  and 
what  remains  of  it  constitutes  the  aperture  or  apertures, 
termed  the  micropyle,  through  which  the  spermatozoa 
enter  when  the  egg  is  fecimdated.  The  vitelUgenous  cells 
usually  remain  outside  the  ovum,  and  eventually  undergo 
degeneration ;  but,  in  many  Diptera,  they  become  enclosed 
within  the  coats  of  the  ovum  and  their  substance  is  merged 
in  that  of  the  vitellus. 

Dr.  A.  Brandt  has  proposed  the  term  panoigtic  for  ovaries 
of  the  first  mode,  and  meroistic  for  those  of  the  second 
and  third  modes  of  development  of  the  ova  here  described. 
So  far  as  is  at  present  known,  only  the  Orthoptera  and  the 
Pulieidce  possess  panoistic  ovaria. 

The  peritoneal  coat  of  the  ovarioles  is  a  cellular  structure, 
containing  many  trachece  and,  frequently,  muscular  fibres. 
It  is  usually  extended  beyond  the  anterior  end  of  each 
ovariole  into  a  filamentous  process,  which  after  uniting  with 
those  of  the  other  ovarioles  of  the  same  side,  is  continued 
into  the  pericardial  tissue.  At  its  opposite  extremity  it 
passes  into  the  walls  of  the  oviduct,  which  are  muscular  and 
are  lined  by  an  epithelium. 

The  development  of  the  ovaria  has  been  traced  in  Diptera 
and  Lepidoptera.  Each  ovary  is,  at  first,  a  rounded  mass  of 
indifferent  tissue,  from  which  a  filiform  prolongation  is 
given  off  backwards;  this  has  not  been  traced  into  con- 
nection with  any  other  organ,  and  appears  to  terminate  by 
a  free  end.  The  mode  of  origin  of  this  rudimentary,  or 
primary,  ovarium  is  imknown,  but  the  first  step  towards  the 
formation  of  the  genital  organs  is  the  separation  of  the 
peripheral  indifferent  tissue  from  the  central  portion,  and 
the  division  of  the  latter  into  as  many  elongated  solid 
cellular  bodies  as  ovarioles  are  to  be  formed.  The  peri* 
pheral  cells  become  the  peritoneal  layer.  Each  cellular 
rudiment  surrounds  itself  with  a  structureless  membrane, 
and  then  elongates  into  an  ovariole,  some  of  the  cells  fiUing 
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the  posterior  end  of  whicli  then  beoome  differentiated 
into  the  first  primary  ovum  and  its  capsule,  with  or  with- 
out Titelligenons  cells.  The  contents  of  each  ovariole 
must  therefore  be  regarded  as  a  column  of  generative 
cells,  which  instead  oi  burrowing  in  the  stroma  of  an  OTary, 
and  becoming  divided  into  ovisacs,  as  in  a  vertebrated 
animal,  grows  straight  backwards,  and,  as  it  grows,  becomes 
divided  into  ovisacs,  of  which  the  oldest  and  most  advanced 
ia  the  hindermort. 

Nothing  is  certainly  known  respecting  the  origin  of  the 
vagina  or  the  oviducts,  though  it  may  be  suspected  that 
the  posterior  prolongations  of  the  primary  ovaries  give  rise 
to  the  latter. 

The  development  of  the  testes  takes  place  in  the  same 
manner  as  that  of  the  ovaries,  but  the  contents  of  the  testi- 
cular tubes  become  converted  into  spermatozoa.  The  origin 
of  the  vaaa  def  erentia  is  unknown.* 

In  most  insects^  the  vitellus  undergoes  partial  yelk- 
division.  In  some  PoduridcR,  however,  complete  division 
has  been  observed.  The  development  of  the  blastoderm 
takes  place  in  the  same  way  aa  in  other  Ai*thropods,  and 
the  cephalic  end  of  the  anbryo  terminates  in  two  prooephalic 
lobes.  In  many  insects,  the  periphery  of  the  blastoderm, 
external  to  the  longitudinal  thickening  which  gives  rise  to 
the  sternal  region  of  the  body,  and  which  may  be  termed  the 


*  The  acco«nt  given  above  of 
the  stractwre  of  the  ovarian  tubes 
in  Blatta  tmd  Aphk,  is  based  on 
my  own  observations,  which  are 
in  pretty  close  accoraance  with 
those  of  A.  Brandt,  <«  Ueber  die 
EirOhren  der  BlatUi  (Penplaneta) 
orumtaiu"  (<  Mem.  de  l*Acad.  St. 
Petersbonrg/  tome  xxi.,  1874^. 
The  Uteratare  of  the  subject  is 
somewhat  extensive.  See  espe- 
cially Leydig,  *«Die  Eierstock 
ond  die  Samentasche  der  Inseo- 
ten  "  (<  Nova  Acta,'  xxxiii.,  1867) ; 
Lubbock, "  The  ova  and  pseudova 
of  Insects"  (Phil.  Trans.,  1858); 
Weismann,  **Die  nachembiyooale 


Entwickelung  der  Mnsciden " 
('  Zeitsclirift  fur  Wiss.  Zoologie,' 
xiv.);  Bessels,  *<  Entwickelung 
der  Sexusldrusen  bei  den  Lepi- 
dopteren"  (« Zeitochrift  fur  Wiss. 
Zoologie/  1857);  and  Yon  Sie- 
bold,  *Beitrage  sur  Partheno- 
genesis der  Arthropoden,'  1871. 
The  various  forms  of  the  miero- 
pvle  and  the  structure  of  the 
chorion  are  dealt  with  by  Leuc- 
kart,  in  his  elaborate  memoir, 
"  Heber  die  Micropyle  und  den 
feineren  Ban  der  Schalenhaut  bei 
den  Insekteneiem  "  (*  M Ciller's 
Avekiv,'  1855.) 
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sternal  hand  ('Keimstreif '  of  the  Grcrman  embiyologiBtB), 
givee  off  a  Ij^twiTin.  which  grows  inwards  over  the  sternal  faoe 
of  the  embiyo,  and  erentnallj  forms  a  complete  inyestment 
thereto.  The  lamina  may  be  formed  hj  a  single  layer  of  cells, 
or  it  may,  from  the  first,  be  a  fold  of  the  blastoderm  and  thns 
consist  of  two  layers,  the  inner  of  which  is  continnons  with 
the  sternal  band,  and  the  outer  with  the  blastoderm  which 
invests  the  tergal  aurfaoe  of  the  yitellns.  In  the  latter 
case,  it  becomes  strictly  comparable  to  the  amnion  of  a 
▼ertebrated  animal;  and,  when  the  folds  have  muted  in 
the  middle  line,  the  investment  in  question  is  distinguishable 
into  an  outer  membrane,  which  answers  to  the  lamina 
9ero9a,  and  an  inner,  which  corresponds  with  the  amnion 
proper  of  the  vertebrate  embrya  In  some  cases,  the  vitel« 
line  substance  fills  up  the  interval  between  the  lamina 
serosa  and  the  amnion,  so  that  the  sternal  band  and 
the  latter  form  a  sac  plunged  into  the  interior  of  the 
yelk. 

The  development  of  a  more  or  less  complete  amniotic 
investment  has  been  observed  in  Orthopiera  (Libellula), 
Coleopiera,  HemipUra,  Hymenoptera,  Lepidoptera,  and  Dip' 
iera,  but  it  does  not  appear  to  be  universaL 

Agamogenesis  is  of  frequent  occurrence  among  insects, 
and  occurs  under  two  extreme  forms ;  in  the  one,  the  parent 
is  a  perfect  female,  while  the  germs  have  all  the  morpho- 
logical characters  of  eggs,  and  to  this  the  term  partheno* 
genesis  ought  to  be  restricted.*  In  the  other  the  parent 
has  incomplete  female  genitalia,  and  the  germs  have  not 
the  ordinary  characters  of  insect  eggs. 

In  Coccus  {Lecanium)  hesperidwn,  in  Chermes  abieHs  and 
pint,  no  males  have  yet  been  observed;  but  the  perfect 
females  produce  ova,  out  of  which,  only  females  proceed.  It 
is  probable  that  many  species  of  gall  insects  {Cynips)  are  in 
the  same  predicament. 

*  The  excellent  *  Beitrage  xor      the  statements  in  the  text  respect 
Parthenogenesis '  (1871)  of  Yon      ing  Agamogenesis  in  Insects.  . 
Siebold  is  my  oUef  authority  for 
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.  The  unimpregnated,  apterous,  caterpillar-like  females  of 
the  Lepidopterons  genera  Psyche  and  Solenobia,  lay  eggs 
out  of  which  only  females  issne.  The  males  occur  but 
rarely  and  locally,  and,  h-om  the  impregnated  eggs,  males 
and  females  issue  in  about  equal  numbers. 

Leuckart  discovered  that  the  oyaries  of  so-called  neuters 
among  wasps,  hornets,  humble-bees,  and  ants,  often  contain 
more  or  less  well-developed  eggs,  and  that  in  the  wasps  and 
humble-bees,  such  eggs  are  laid  and  develope  young,  the 
sex  of  which  was  not  ascertained.  Yon  Siebold  has  ob- 
served that  the  neuters  of  Poligtes  galliea  are  distinguished 
from  the  perfect  fertilisable  female,  by  little  more  than 
theii*  smaller  size,  and  that  they  possess  completely  deve- 
loped female  organs.  These  neuters,  or  rather,  small  females, 
laid  eggs  which  developed,  and  gave  rise  only  to  male 
Polistea.  The  unimpregnated  females  of  a  Saw-fly,  Kemaius 
venbrieosus  (the  larvsB  of  which  are  known  as  gooseberry 
caterpillars)  regularly  lay  eggs,  which  develope  and  produce 
male  offspring. 

The  terms  arrenoioJeou8  and  thelytohoiUt  have  been  pro- 
posed by  Leuckart  and  Yon  Siebold  to  denote  those  par- 
thenogenetic  females  which  produce  male  and  female  young 
respectively. 

In  the  case  of  the  BEive-bee,  it  has  been  ascertained  that 
the  queen  either  impregnates,  or  does  not  impregnate,  the 
eggs  when  they  are  laid.  The  spermatheca,  in  which  the 
spermatic  fluid,  introduced  by  the  single  act  of  copulation 
which  takes  place,  is  contained,  contracts  as  the  eggs  pass 
along  the  vagina,  in  the  former  case,  and  remains  passive 
in  the  latter.  The  unimpregnated  eggs  give  rise  to  males 
or  drones ;  the  impregnated  eggs  to  females,  which  become 
neuters  with  imperfect  reproductive  organs,  or  queens, 
with  perfect  organs,  according  to  the  nutriment  which  they 
receive. 

In  the  Aphides,  ova  deposited  by  the  impregnated  females 
in  the  autumn  are  hatched  in  the  spring,  and  give  rise  to 
forms  which  are  very  generally  wingless,  and  bring  forth 
living  young.    These  may  be  either  winged  or  wingless,  and 
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are  alao  Tiyiparons.  The  ntunber  of  sacceasiye  yiyiparous 
broods  thus  produced,  has  no  certain  limit,  but,  so  far  as 
our  present  knowledge  goes,  is  controlled  only  by  tempera* 
ture,  and  by  the  supply  of  food.  Aphides  kept  in  a  warm 
room  and  well  supplied  with  nourishment,  have  continued 
to  propagate  viyiparously  for  four  years. 

On  the  setting  in  of  cold  weather,  or,  apparently,  on  the 
failure  of  nourishment  alone,  in  some  cases,  males  and 
females  are  produced  by  the  yiyiparous  forms.  The  males 
may  possess  wings,  or  may  be  deyoid  of  them.  The  females 
appear  inyariably  to  be  apterous.  Copulation  takes  place 
and  the  eggs  are  laid. 

Sometimes  yiyiparous  forms  co-exist  with  the  male  or 
female  forms,  and  some  yiyiparous  Aphides  are  known  to 
hybemate.* 

The  yiyiparous  forms  differ  essentially  from  the  oyi- 
parous  forms  in  the  structure  of  their  reproductiye  organs. 
They  possess  neither  spermathec®  nor  coUeterial  glands, 
both  of  which,  as  Yon  Siebold  first  demonstrated,  are 
present  in  the  females.  The  young  are  deyeloped  within 
organs  which  resemble  the  oyarioles  of  the  true  females  in 
their  disposition  and  may  be  termed  psevdovaries.  The 
terminal  or  anterior  chamber  of  each  pseudoyarian  tube  is 
lined  by  an  epithelium,  which  encloses  a  number  of  nu- 
cleated cells.  One  of  the  hindermost  of  these  cells  enlarges 
and  becomes  detached  from  the  rest  as  a  pseudovwn.  It 
then  diyides  and  giyes  rise  to  a  cellular  mass,  distinguish- 
able into  a  peripheral  layer  of  clear  cells  and  a  central  more 
granular  substance,  which  becomes  surrounded  by  a  struc- 
tnreless  cuticula.  It  is  this  cellular  mass  which  gradually 
becomes  fashioned  into  the  body  of  a  laryal  Aphig.  A 
portion  of  the  cells  of  which  it  is  composed  becomes  con- 

*  Huxley,   ^  On    the   Agamic  oonsalted,  not  only  on  account  of 

Beproduction  and  Morphology  of  their  richneM  in  details,  but  for 

ApniB."       f^Linnean     Tranaao-  the   peculiar   views  which   the 

tions,'  1807.)  author  entertains  respecting  the 

The   papers   of  M.    Balbiani  nature  of  the  reproductive  pro- 

O  Ann.  dee  Sciences  Naturelles '  cess  in  the  AphiaeM. 
1869,  1870,  and  187S)  should  be 
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Terted  into  a  peendoyarimn,  and  the  derelopment  of  new 
psendova  commences  before  the  young  leaves  the  body  of  its 
parent.  It  is  obvious  that  this  operation  is  comparable  to 
a  kind  of  budding.  If  the  pseudovum  remained  adherent 
to  the  parental  body,  the  analogy  would  be  complete.* 

The  a^^amogenetic  multiplication  of  Caeuiomyia-larvn  is 
an  essentially  similar  process.  Professor  Nicolas  Wagner, 
of  Kasan,  f  discoyered  that  the  larvie  of  a  Dipterous  insect 
belong^g  to  the  genus  Cecidamyia,  or  to  a  closely-allied  form, 
{Micutor)  multiply  agamogenetically  in  the  autumn,  winter, 
and  spring.  In  summer,  the  final  terms  of  the  successiye 
broods  of  grubs  thus  produced  are  metamorphosed  into 
males  and  females,  which  copulate  and  lay  eggs.  From 
these,  larysB  which  exhibit  the  same  phenomena,  emerge. 
In  this  case,  the  yoimg  are  all  developed  from  germs  which 
are  found  lying  loose  in  the  perivisceral  cavity  of  the 
parent,  the  body  of  which  they  destroy  and  burst  in  order 
to  become  free.  Leuckart,  Metschnikoff,  and  Qanin,^  have 
shown  that  these  germs  ^  detached  from  the  peeud- 
ovarium,  which  occupies  the  place  of  the  rudimentary 
ovarium  ordinarily  found  in  larvie ;  and  that  each  represent 
the  egg-chamber  of  an  ordinary  insect  ovariole  with  its 
epithelial  capsule,  ovum  and  vitelligenous  cells. 

In  the  ordinary  process  of  growth  of  an  insect,  from 
the  time  it  leaves  the  egg  until  it  attains  the  adult  con- 
dition, every  marked  change  in  the  outward  form  of  the 


«  Leydig  Q*  Die  Eierstock  und 
die  Samentasche  der  Inseoten," 
<  Nova  Acta,'  1867)  affirms  that  in 
November  he  had  met  with 
Aphidet  in  which,  in  the  same 
animal,  some  of  the  ovarian  tubes 
contain  fully  formed  ova,  and 
others  pseud  -  ova,  undergoing 
their  ordinary  method  of  develop- 
ment. Unfortunately  no  infor- 
mation is  afforded  as  to  whether 
these  aphides  possessed  a  sperma- 
theca,  and  showed  evidence  of 
impregnation  or  not.  The  oc- 
currenoe  of  agamogenesis  alongw 


side  of  sexual  propagation  is  in 
itself  nothing  unprecedented, 
e.ff,  Pyromma, 

t  K.  E.  von  fiaer,  "Bericht," 
('Bulletin  Acad.  St.  Peters- 
bourg,'  1863.) 

1  Leuckart, "  Dieungeschlecht- 
licne  Vermehrung  der  Cecidomy- 
ienlarven"  ('Gfittinger  Nach- 
richten/  1865);  K.  von  Baer, 
"UeberProf.  Nio.  Wagnei's  Ent- 
deokun^'*  &c.  (*  Melanges  biolo- 
ffiques  tirtfs  du  Bulletin  de  1' Acad. 
Imp.  des  Sciences  de  St  Peters- 
bourg/  1865). 
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body,  or  of  its  appendages,  is  accompanied  by  a  shedding 
of  the  cnticnla.  In  some  cases  the  modification  effected 
at  each  ecdjrsis  is  yery  slight,  and  the  monltings  of  the 
cuticle  are  nnmerons,  amounting  in  a  species  of  Day-fly 
{Ckloean),  described  by  Sir  John  Lubbock,  to  as  many  as 
twenty.  In  such  a  case  as  this,  the  stiiictore  of  the  adult 
is  gradually  substituted  for  that  of  the  larva,  and  the 
organs  of  the  larva,  for  the  most  part,  pass  into  those  of 
the  adult. 

The  like  holds  good  of  some  insects  which  undergo 
metamorphosis,  that  is  to  say,  in  which  a  quiescent  pupal 
condition  is  interposed  between  the  active  larval  and  the 
active  imaginal  states.  Herold  and  Newport  have  de- 
scribed at  length  the  series  of  changes  by  which  the  elongated 
ganglionic  chain  of  the  Lepidopterous  caterpillar  is  con- 
verted into  the  much  more  highly  concentrated  nervous 
system  of  the  Butterfly;  and  Weismann  has  shown  by 
what  gradual  steps  the  apodal  CorefkraAaxYA  acquires  the 
character  of  the  Dipterous  imago.  But,  in  the  Mesh-flies 
(Mused),  and  probably  in  many  other  members  of  the 
division  of  the  JHptera  to  which  they  b^ong,  the  apodal 
maggot,  when  it  leaves  the  egg,  carries  in  the  interior  of  its 
body  certain  regularly  arranged  discoidaJ  masses  of  in- 
different tissue,  which  are  termed  imaginal  disks,*  Of 
these,  twelve  are  situated  in  the  thoracic  region,  two  on 
each  side  of  each  thoracic  segment,  while  two  others  lie  in 
front  of  the  pro-thoracic  disks.  These  imaginal  disks 
undergo  little  or  no  change  until  the  larva  encloses  itself 
in  its  hardened  last-shed  cuticle,  and  becomes  a  pupa.  But 
they  then  rapidly  enlarge ;  each  of  the  sternal  thoracic  disks 
gives  rise  to  a  leg  and  to  its  half  of  the  sternal  region  of 
the  thorax,  while  the  tergal  disks  develope  into  the  tergal 
halves  of  the  corresponding  somites,  with  their  appen- 
dages, the  wings  and  the  halteres.  The  anterior  pair  of 
disks  originate  the  head  and  proboscis  of  the  fly.  As  the 
imaginal  disks  develope,  the  pre-existing  organs  contained 

*  See  the  remarkable  memoir  of  Weismann,  *  Die  naoherobryonale 
Entwickelung  der  MaBciden.' 
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in  the  liead  and  tiiorax  of  the  larva,  undergo  complete  or 
purtial  reeolutioii.     On  the  other  hand,  the  abdomen  of 
the  &j  ia  produced  bj  the  conturaons  modification  of  the 
conatitnentB  of  the  larval  abdomen. 
Aa  in  the  Cnutaeea,  so  in  Inaeeta,  the  parasitic  habit  is 


Fif.  ]]].— The  ten-bend  flgore  raprcMnU  an  adult  ftmftle  ef  Stylopt 
aUrrimm  coutainlng  two  usarly  hatched  egx>,  uid  the  right-hand 
figure,  a  newly  bom  larva  of  Stylffi  OD  a^lr  of  Andrvna  TVim- 
meraHa.  A,  ventral  enrface  of  the  thorax;  B,  the  abdooien:  a, 
maadiblea ;  b,  labial  plalea  and  mouth ;  c,  vulva ;  I,  2,  3,  the  thrte 
tlioraetc  Beguentt  nulled.    (After  Neir|<ort.) 

accompanied  hj  extreme  modification  of  form.  In  thia 
respect  the  8tr»p*iptera,  which  are  pataaitio  upon  Bees, 
present  a  remarkable  hietory.  Thefemale(F^.  lll)haa  the 
form  of  a  eac  «ith  a  short  neck,  and  never  leaves  the  bod^ 
of  the  Hjmenopteran  in  which  she  ia  parasitic.    The  males. 
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on  the  contrary,  are  exceedingly  actiye  insects  provided 
with  a  single  pair  of  wings,  which  are  attached  to  the 
metathorax,  while  the  mesothorax  has  a  pair  of  twisted 
appendages  in  the  place  of  wings. 

The  hurvsB  of  both  males  and  females  when  they  leave 
the  eggy  are  minute  active  hexapod  insects  (Fig.  Ill),  with 
rndiment&ry  manducatory  organs,  and  are  found  creeping 
about  between  and  on  the  hairs  with  which  the  abdomen  of 
their  host  is  provided.  In  this  condition  they  are  carried 
into  the  nests  of  the  bees,  and  they  attack  the  larvsB  of  the 
latter,  boring  their  way  through  the  integument  into  the  ab- 
dominal cavity  of  the  grub.  Here  they  cast  their  cuticle  and 
become  changed  into  sluggish  apodal  grubs,  provided  with 
a  mouth,  with  rudimentary  jaws,  and  with  an  alimentary 
sac,  but  devoid  of  an  anus.  About  the  time  that  the  Hymen- 
opterous  larva  passes  into  its  imago  state,  the  Strepsipteral 
larva  thrusts  the  anterior  end  of  its  body  (the  so-called 
cephalo-thorax)  between  two  of  the  abdominal  segments  of 
the  bee,  so  that  it  projects  externally.  The  male  becomes  a 
pupa,  and  eventually  makes  its  way  out  as  a  winged  insect 
The  female  on  the  other  hand  undergoes  little  change  of 
outward  form,  but  presents  an  opening,  which  plays  the  part 
of  a  vulva,  and  enables  the  male  to  effect  the  fecundation 
of  the  eggs.  These  are  developed  within  the  body  of  the 
female,  and  make  their  way  out  by  the  cleft  in  question.* 

The  Ichneumon-flies  deposit  their  eggs  within  the  bodies 
of  the  larvsB  of  other  insects,  and  the  grubs  thence  hatched 
devour  the  corpus  adiposum  of  their  host.  The  larv»  of 
some  of  these  parasites  {Plaiygaster,  Teleaa),  described  by 
Ganinf  are  extraordinarily  unlike  other  insect  larvae,  and 
have  a  certain  resemblance  to  Copepoda, 

*  See   Yon    Siebold,   « Ueber  Oil-beetle,  MelSe  **  (Lixm.  Trans. 

Strepsipteren  "  (<  Archiv  fur  N»-  1847). 

turgeschiohte,'  18425),  and  New-  f 'Zeit8chr.furZoologie,M869. 
port,  **  Natural  History  kc.  of  the 
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OHAPTEE  Vm. 

THE  POLYZOA,  THE  BBACHIOPODA,  AND  THE  M0LLU8CA. 

However  diyerse  in  outward  appearance  and  in  complexity 
of  organisation  tlie  multitudinous  forms  of  animals  whicli 
have  been  described  in  the  preceding  four  chapters  (Chap. 
lY.  to  YII.)  may  be,  the  student  passes  from  one  to  the 
other,  by  easy  and  natui*al  gradations,  from  the  simple 
Turbellaxian  at  the  bottom,  to  the  most  highly  differen- 
tiated Arthropod  at  the  sunmiit  of  the  series.  But  with 
the  higher  Crustacea,  Arachnida  and  Insecta  the  scale  ends ; 
from  none  of  these  are  we  led  to  any  higher  form  of  animal 
life. 

The  Cuttle-fish,  the  Whelk,  the  Snail,  and  the  other 
innumerable  forms  of  animalfl  with  uniyalve,  bivalye, 
and  multivalye  shells,  which  are  commonly  known  as 
Mollusca,  are  so  widely  different,  not  only  from  the  Arthro- 
poda,  but  from  all  the  higher  members  of  the  group  of 
Worms  (Chap.  Y.)  that  any  connection  with  these  seems,  at 
first,  to  be  wanting.  The  segmentation  of  the  body,  which 
is  so  conspicuous  a  feature  of  the  greater  number  of  the 
members  of  the  series  which  ends  with  the  Arthropods,  is 
absent ;  limbs  are  wanting ;  instead  of  the  equality  of  the 
neural  and  hsemal  faces  of  the  bilaterally  symmetrical  body, 
and  the  consequent  remoteness  of  the  oral  and  anal  aper- 
tures, which  is  usual  among  the  AiiJiropods  and  Worms, 
these  two  faces  are  usually  unequaL  The  hsBmal  face  is 
often  produced  into  a  longer  or  shorter  cone ;  the  anus  is, 
ae  a  rule,  approximated  to  the  mouth ;  and,  very  often,  the 
hffimal  face  of  the  body  is  asymmetrical. 

The  higher  Mollusks,  in  fact,  form  the  final  term  of  a 
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series  of  their  own,  whicH  commences  in  tlie  Polyzoay  witli 
animals  which  have  many  resemblances  to  the  Botifera, 

The  PoLTZOA  or  Bbyozoa. — In  outward  form  these 
animals  bear  a  general  likeness  to  the  Sertularian  Hyd/rozoa, 
with  which  they  were  formerly  confounded  under  the  name 
of  "  Corallines."  Like  the  Sertularians,  they  almost  always 
form  compound  aggregations,  produced  by  repeated  acts 
of  gemmation  from  the  primitively  single  embryo,  and  have 
a  hard  cuticular  exoskeleton,  which  remains  when  the  soft 
parts  decay.     The   compound  organism  thus  formed  is 

Fijj.  112. 


Fig.  112.— A  portion  of  the  polyioarium  of  PlumateUa  r^peiu  (after 
Allmuk).* 

termed  a  Folyzoa/nv/m  (Fig.  112),  and  each  zooid  which  buds 
from  the  common  stock  is  a  Polypide.  The  outer,  chitinous 
or  calcified,  cuticular  exoskeleton,  is  termed  the  ectocyst, 
and,  as  the  rest  of  the  body  of  the  polypide  is  contained  in, 
or  caa  be  retracted  into,  the  hard  case  thus  formed,  it  is 
commonly  termed  a  "  cell." 

The  proper  ectoderm,  with  the  parietal  layer  of  the 
mesoderm  which  lines  and  secretes  this  cell,  is  tei*med  the 
endocyst.     The  mouth  is  situated  on  a  disk,  termed  the 

*  « Monograph  of  the  Freeh- water  Polyzoa,'  1856. 
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lophophore,  at  the  free  end  of  the  poljptde;  utd  the 
mar^B  of  the  hphopkore  are  produced  into  a  munber 
of  richlj  ciliated  tetilacuia.  At  the  oral  aperture,  the 
ectoderm  paaees  into  the  endodermal  lilting  of  the  ali- 

Fig.  118. 


Flg.llS.—PIiaaateUarepeiu.^A.  single  cell  mnre  mognlfled ;  Ojeclocjiit ; 
b,  endocytt;  m,  caljx  U  the  base  of  tbe  ciliated  leDtaculA  borne  by 
the  disk  or  lo^ophore;  i,  moutta  ;  /,  gullet;  g  g,  itonuich:  A.  tnlFS' 
tine;  i,  >□■■(;  n,  muiclei ;   b,  nervou*  gmnglion;  i,  (IBtobluU ;  », 


mentaiy  canal,  'which  is  ahnoet  alwajs  divided  into  three 
portions,  a  long  and  wide  pharynx,  a  spacionB  stomach,  and 
a  narrow  intestine.    The  latter  iB  always  bent  up  nearly 
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parallel  witH  the  pliarynx,  and  terminates  in  an  anus 
situated  beside  the  month.  As  the  nervons  ganglion  is 
placed  between  the  mouth  and  the  anus,  the  flexure  of  the 
intestine  is  newral,*  and  the  hsBmal  face  of  the  .body  is 
developed  greatly  in  excess  of  the  neural  face.  A  wide 
perivisceral  cavitj  occupies  the  interval  between  the  ali- 
mentary canal  and  the  parietes  of  the  body,  and  sometimes 
the  walls  of  this  cavity  are  ciliated.  Yery  generally,  the 
gastric  division  of  the  alimentary  canal  is  connected  with 
the  parietes  of  the  body  by  a  sort  of  ligament,  the/tmicuZtM, 
or  gaetro-parietal  hand.  Circular  and  longitudinal  muscular 
fibres,  which  frequently  exhibit  distinct  transverse  stria- 
tions,  may  be  developed  in  the  body- wall;  and  there  are 
usuaUy  special  muscles  for  the  retraction  of  the  lophophore 
within  the  cell,  and  others  for  the  closing  and  opening  of 
the  opercular  apparatus,  with  which  many  species  are 
provided. 

The  single  nervous  ganglion  is  situated,  as  has  been 
stated,  between  the  oral  and  the  anal  apertures.  In 
Serialaria,  Scrwpocellaria  and  some  other  genera,  nervous 
cords  and  plexuses  connecting  the  ganglia  of  the  several 
polypides  and  constituting  what  F.  MiiUerf  terms  a 
"  colonial  nervous  system,"  have  been  described.  But  it  is 
not  yet  certain  that  these  cords  and  plexuses  are  reaUy 
nerves.  It  is  doubtful  if  there  are  any  special  organs  of 
sense,  unless  a  lobed  process— the  epistoma, — ^which  over- 
hangs the  mouth  in  many  fresh-water  Polyzoa,  be  of  this 
nature.  The  ectoderm  of  that  region  of  the  body  which  lies 
immediately  beneath  the  tentacula  is  always  soft  and  flexi- 
ble ;  and  when  the  lophophore  is  retracted,  becomes  invagi- 
nated,  so  as  to  form  a  sheath,  by  which  the  tentacles  are 
protected.  Sometimes,  as  in  the  CtenostomatatX  this  sheath 

*  In  deating  with  the  morpho-  tres,  or  the  pedal  ganslia  (when 

logioal  relations  of  the  parts  of  such  are  separately  distinguish- 

MoUusks,  it  is  very  necessary  to  able)  are  placed,  neural^  and  the 

employ  a  terminology  which  snail  opposite  fuanal, 

be  independent  of  the  ordinary  t  'Archiv      f!ir     Anatomie,' 

position  of  the  animals.    I  there-  1860. 

fore  term  that  face  of  the  body  I  Farre,  **  Observations  on  the 

on  which  the  chief  nervous  cen-  minute  structure  of  some  of  the 
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IB  miTOiuid^  bj  a  circle  of  cbitinonB  filaments,  which,  when 
the  tentacles  ai«  retracted,  f  amiBh.  a  protective  outer  cover- 
ing to  them.  And,  aometimea,  as  in  the  Cheiioriomata,'  part 
of  the  ectocjBt  of  the  poljpe  cell  is  diBposed  in  tmch  a 
manner  aa  to  conatitut^  a  moreahle  lid.  which,  shuts  down 
on  the  retra<!t«d  poljpide.  This  operculum  is  placed  on  the 
opposite  aide  of  the  poljpide  to  that  on  which  the  nerrooa 
ganglion  is  situated. 

In  aiaii;  genera,  the  cells  are  provided  with  BagelUfomi 
Fig.  in. 


appendages — the  vHirae-ala  (Fig.  114).     These  are  nsnallj 
articnlated  -with  ehort  dilated  processeB  of  the  ectocjst,  and 


higher  foTiDi  of  Polrp) "  OFhll.  See  for  tbii  group  Nitarhe'i  re- 

Trmnj."  I83T).  Rcichert,  '■  Sleber  cent    importMt    "  Beltrii^    inr 

Zonbobyim  pelhadai"  ('Abh.d,  Kenntnlaa  der  BrroEoen'V'Zelt- 

""  ■  ■     '■     ■    ■      '"■            '    "  '  ""'■■-''"•«,  Zoologie,' 1869- 


iieDBChAft-      scbiiR  fiii  Wlu.  2 


Harlne  Fal;ioa  in   .   .   .  

Uiwcom:  ChllottoniBU,'  ISSS-M, 
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execute  conatsut  laabing  muvemente.  In  others,  bodies 
sh&ped  like  birds'  heads,  with  a  movable  mandible,  and 
either  seated  apon  slender  and  flexible  pednndes  or  sesBile, 
enap  incessantlj.  Sometimes  these  last,  which  sre  termed 
avieularia  (Fig.  115),  are  present  along  with  TibracnU. 


Fig.  ll.'i.— flupu/o  avieularia. — A,p»rt  of  the  polriokrium  vidred&om 
the  DCnral  lide,  ihowing  Che  teiiliclea  of  ■  polyplde  protruded  from 
in  cell  (*)  j  the  inlcetine  (/)  and  the  Btomoch  uid  guJlet  if);  f,  to- 
tractor  naacteg  ;  if,  if,  •^icularis.  Oueof  thru ii  holding  a  lUnute 
wonn  which  it  b»t  aeiicd.    In  fVoni  ot  tbla  )■  eeeo  kn  ovlcelt. 

B,  s  retracted  polvpide  with  an  ■vlcuUiium  (if),  viewed  from  the 
tiBmal  or  donal  ude. 

The  dilated  bases  of  the  vibracnla  contain  mnscles  bj 
the  contraction  of  vhich  the  flagelliform  appendage  is 
mored.  In  the  avicnlaria,  a  large  adductor  tntucle,  which 
t^ea  its  origin  from  the  greater  part  of  the  inner  smrftice 
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of  the  ''head/'  is  attached  hj  a  slendeir  tendon  to  the 
"mandible"  on  the  one  side  of  the  hinge  line,  while  a 
smaller  divaricator  muscle  is  fixed  to  the  other  side.  The 
mechanism  of  adduction  and  divarication  of  the  mandible 
is  quite  similar  to  that  bj  which  the  dorsal  valye  of  the 
shell  of  an  articulated  Brachiopod  is  moved  upon  the 
ventral  valve. 

Male  and  female  reproductive  organs  are  usually  com- 
bined in  the  same  polypide.  Thej  are  Cellular  masses, 
developed  in  the  funiculus,  or  in  the  parietes  of  the  bodj, 
whence  the  ova  or  spermatozoa  are  detached  into  the 
perivisceral  cavity.  They  sometimes  pass  thence,  and 
undergo  the  first  stages  of  their  development  in  dilatations 
of  the  wall  of  the  body,  termed  omeelU, 

Multiplication  by  gemmation  occurs  throughout  the 
group,  but  the* buds  usually  remain  adherent  to  the  stock. 
In  LoxoBoma  and  Pedicellina,  however,  the  buds  become 
detached. 

Some  Polyzoa  multiply  agamogenetically  by  a  kind  of 
gemmule  developed  in  the  fiMiictUvs,  provided  with  a  peculiar 
shell,  and  termed  a  ataiohlast. 

With  these  general  characters,  the  Polygoa  present  an 
interesting  series  of  modifications.  They  have  been  divided 
by  Nitsche  into  two  groups — the  Entoprocta,  in  which  the 
anus  lies  within  the  circle  of  tentacles ;  and  the  Eetoprocta, 
in  which  it  lies  outside  this  circle.  In  the  former  division,  the 
genus  Loxosoma,*  which  attaches  itself  to  Sertularians  and 
to  other  Polygoa,  is  particularly  noteworthy.  It  is  a  small 
stalked  animal,  and  the  superior  wider  end  of  the  body  is 
an  obliquely  truncated  disk,  the  margins  of  which  are  elon- 
gated into  ten  ciliated  processes.  The  mouth  is  a  trans- 
versely elongated,  slit-like  aperture  on  the  lower  side  of 
the  tentacular  circlet.  A  long  oesophagus  connects  this 
with  a  globular  csecal  gastric  sac.    From  the  midst  of  the 

•  Kowalewsky,  **  Beitra^^e  «ur  St,  Petersbourg/    1866).    Oicar 

Anatomie   und     F.ntwickelungs-  KchmidC.    *'  Die   Gattung  Loxo- 

geschiohte  dee  Loxosoma  neapoli-  8f)ma  "  Q  Archiv  fur  Mikr.  Anat.* 

tanutn"  (*  Mem.  da  I'Acad.  de  Ii<75). 


THE  POLYZOA.  459 

disk,  a  conical  prominence,  tHe  smnmit  of  which  bean  the 
anuB,  is  ntnated.  The  sexes  are  onited,  the  ovaries  and 
testes  being  situated  on  each  side  of  the  stomach,  and  the 
spermatozoa  pass  directly  into  the  ovaries.  No  nervous 
sjstem  has  jet  been  made  out  in  Loxosoma.  The  animal  is 
fixed  by  the  truncated  extremity  of  its  narrow  stalk-like 
end ;  and  this  stalk  contains  a  gland,  the  dnct  of  which 
opens  in  the  centre  of  the  face  of  attachment. 

Loxosoma  appears  to  multiply  by  budding,  but  the  appa- 
rent buds  are  really  one  of  two  kinds  of  embryos  developed 
from  the  impregnated  ova.  The  other  kind  of  embryo  be- 
comes a  gastrula,  with  a  large  poet-oral  ciliated  disk,  like 
a  mesotrochal  annelid  larva,  and  its  ultimate  fate  has  not 
yet  been  traced. 

The  Ectoprocta  are  divided  into  the  Oym/nolcBmata,  which 
have  a  circular  lophophore,  and  no  epistoma ;  and  the  Phy- 
IctctdoBmaia,*  which  possess  an  epistoma,  and  usually  have 
the  lophophore  prolonged  into  two  lobes,  so  as  to  be  horse- 
shoe-shaped ;  whence  the  term  hippocrepian  applied  to  such 
Polyzoa, 

Among  the  Oymnolcemaia  are  diBtinguished ;  the  Oyclo- 
stomaia,  in  which  the  opening  of  the  cell  is  round  and  has 
no  opercular  structures ;  the  Ctenodonuxta  (supra),  and  the 
Cheilosiomaia  (mcprd). 

All  the  Phyl4iciol4jBmaia  are  inhabitants  of  fresh  water; 
while  all  the  Oymnolcemaia,  except  PaludiceUa,  are  marine. 

The  polyzoarium  of  Crigtatella  is  free  and  creeps  about  as 
a  whole ;  and  that  of  Limuliies  is  free,  at  any  rate  in  the 
adult  condition. 

In  the  fresh-water  Polyzoa,  the  impregnated  ovum  gives 
rise  to  a  saccular  planuliform  embiyo,  which  is  covered 
externally  with  cilia.  From  one  end  of  this  cystid,  one  or 
more  polypides  are  developed  from  thickenings  of  the  wall 
of  the  sac. 

•See    Damortier    and    Van  Bmzellefl,*  1850);  the  monogravh 

Beneden,  **  Uistoire  Naturelle  d.  of   Allman    cited    above ;   and 

Polypes  composees  d*eaa  douce"  Kitsche's  ** Beitrage.'* 
(*Mem.    de    I'Acad.    Rnytle  de 
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In  the  GjmnolffimatouB  genera  Buguia^  ScrupoeeUaria, 
and  BieeUariaj  the  embryo  is  ciliated,  and  proyided  with  a 
mouth  and  with  eje-spota.  After  swimming  about  for 
Bome  time,  it  loBes  its  cilia,  fixes  itself,  acquires  a  chitinous 
outer  coat,  and  becomes  a  mere  sac  or  cystid,  in  which  a 
poljpide  is  developed  by  gemmation,  and  gives  rise  to  the 
first  cell  of  the  polyzoarium.  • 

Schneider  *  has  shown  that  the  anomalous  Cyph&nafUes, 
which  he  considers  to  resemble  Actinotrocha,  and  which  is 
enclosed  in  a  bivalve  shell,  is  the  larva  of  Membranipora 
pUoaa.  It  is  provided  with  an  intestine,  and  with  largely 
developed  ciliated  motor  bands.  But  when  it  attaches  it- 
self, all  these  organs  disappear,  and  the  larva  passes  into 
the  condition  of  a  cystid,  from  which  a  polypide  is  de- 
veloped, as  in  the  foregoing  cases. 

Hence,  it  has  been  pointed  out  that  the  characteristic 
polypide  of  theectoproctousPoZyxoais  a  structure  developed 
from  the  eystid,  in  much  the  same  way  as  the  TcBnia-head 
is  developed  from  its  saccular  embryo ;  or  as  the  Cerecuria 
is  developed  from  the  sporocyst  or  Bedia;  the  cystid  of 
the  PhylactolcBmata  being  comparable  to  a  sporocyst*  and 
that  of  Membranipora  to  a  Bedia.  But,  without  altogether 
denying  the  justice  of  this  comparison,  it  may  be  suggested 
that  the  cystid  is  comparable  to  a  vesicular  morula,  and 
that  the  mode  of  development  of  the  alimentary  canal  of 
the  polypide  corresponds  with  that  of  the  formation  of  an 
alimentary  sac  by  invagination.  If  this  view  of  the  case 
be  correct,  the  perivisceral  cavity  in  the  Polyzoa  is  a  bias- 
tocoele,  more  or  less  modified  by  the  development  of  the 
mesoderm. 

The  only  known  representative  of  the  genus  Bhabdo- 
plewra  f  is  an  aberrant  Folyzoon  which  presents  many  in- 
teresting peculiarities.  The  polyzoarium  consists  of  a 
creeping  stem  from  which  erect  branches,  each  of  which 


*  ^Zur   EntwickelangsgeBchi-  f  See  the  papers  of  AUman 

chte  und  systematischen  Stall uns  and  6.  O.  San,  ^  Quarterly  Jour- 

der  Bryozoen  und  Gcphyreen.*^  nal  of  Microsoopioal  Science/ lt;69 

('  Archiv  fur  Mikr.  AnaC  1869.)  and  l«74. 
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ends  in  a  circnlar  apertnre  and  ccmsiitates  the  cell  of  a 
poljpide,  arise.  The  cavitj  of  the  stem  is  divided  bj 
transYerse  septa,  and  its  centre  is  traversed  bj  a  hollow 
chitinons  cord,  which  passes  through  and  is  attached  to  the 
septa. 

The  lophophore  resembles  that  of  the  hipx>ocrepian  P%- 
laetoloemaia  in  being  produced  into  two  arms,  fringed  with  a 
doable  series  of  tentacula.  These  arms  are  longer,  narrower, 
and  more  cylindrical  than  in  any  other  Polyzoa,  and,  thus 
far,  approach  the  arms  of  the  Brachiopada.  Furthermore  the 
tentacula  are  confined  to  the  arms,  which  are  very  flexible. 
Between  the  bases  of  the  arms  there  is  a  rounded  or  pen- 
tagonal disk  with  raised  and  ciliated  edges,  which  occupies 
the  place  of  the  epistoma  in  the  phylactolsmatous  Polyzoa, 
The  mouth  is  situated  beneath  the  free  margin  of  this  disk, 
on  the  opposite  side  to  the  anus,  and  to  that  towards  which 
the  arms  are  turned.  The  animal  is  attached  to  the  bottom 
of  its  ceU,  or  rather  to  the  endoearc  of  the  stem,  by  means  of 
a  long  contractile  pedicle,  by  which  its  retraction  is  effected. 
According  to  Sars,  it  protrudes  itself  by  climbing  np  the 
wall  of  its  tubular  cell  by  means  of  the  disk.  Professor 
Lankester's  comparison  of  the  polypide  of  BhcMopUwra  to 
the  embryo  Pisidium*  appears  to  me  to  be  fully  justified. 
The  branchisB  of  Nucuia,  in  form  and  position,  present  no 
little  resemblance  to  the  arms  of  Bhahdopleimi,  though 
these,  like  the  arms  of  fche  Brachiopoda,  are  probably  more 
strictly  comparable  to  the  labial  palpi  of  the  Lamelli- 
branchs. 

Polyzoa  occur  in  the  fossil  state  from  the  Silurian  epoch 
to  the  present  day,  and  the  oldest  forms  are  referable  to  the 
groups  which  now  exist. 

The  Bbachiofoda. — The  Brachtopoda  are  all  marine 
5tTiiTna1g  provided  with  a  bivalve  shell,  and  are  usually  fixed 
by  a  peduncle  which  passes  between  the  two  valves  in  the 

*  "  On  the  developmental  history  of  the  Slollusca."  (*  Phil.  Trans/ 
1874.) 
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centre  of  ihe  hinge  line,  or  tihe  region  whicli  answers  to 
it,  in  those  Brachiopods  which  have  no  proper  hinge. 
They  never  multiply  by  gemmation,  nor  give  rise  to  com- 
pound organisms.  The  shell  is  always  inequiyalve  and  equi- 
lateral ;  that  is  to  say,  each  yalye  is  symmetrical  within 
itself  and  more  or  less  unlike  the  other  valve.  The  shell 
is  a  cuticular  structure  secreted  by  the  ectoderm,  and  con- 
sists of  a  membranous  basis,  hardened  by  the  deposit  of 
calcareous  salts,  sometimes  containing  a  large  proportion 
of  phosphate  of  lime  {Linfftbla), 

In  many  Brachiopods,  variously  formed  calcareous  spi- 
cula,  or  minute  plates,  are  found  in  the  walls  of  the  peri- 
visceral cavity,  and  of  the  greater  sinuses;  and  also  in 
the  arms  and  cirri,  and  sometimes  these  imite  together  bo 
as  to  form  an  almost  continuous  skeleton.* 

The  body,  or  rather  that  part  of  it  which  contains  the  chief 
viscera,  is  often  small  relatively  to  the  valves  of  the  shell, 
and  the  integument  is  produced  into  two  broad  lobes,  which 
line  so  much  of  the  interior  of  the  valves  as  the  visceral 
mass  oes  not  occtipy.  The  free  edges  of  these  lobes  are 
thickened,  and  are  beset  with  numerous  &ixe  chitinous  sets 
like  those  found  in  Annelids,  and  like  them  lodged  in  sacs. 
Between  the  two  lobes  of  the  mantle,  or  pMium,  is  the 
pallial  chamber,  bounded  behind  by  the  anterior  wall  of 
the  visceral  mass.  In  the  middle  line,  this  wall  prasents 
the  oral  aperture,  which  is  seated  in  the  midst  of  a  wider  or 
narrower  area»  the  margins  of  which  are  provided  with 
numerous  ciliated  tentacula. 

In  Argiope,  the  oral  area  occupies  a  large  part  of  that 
lobe  of  the  mantle  which  is  ordinarily  termed  dorsal,  and 
its  margins  are  simply  indented  by  three  deep  sinuations. 
In  TheciMvm,  the  sinuations  are  deeper,  and  the  folds  of 
the  oral  area  thus  produced,  narrower.  But  in  most 
Bra^^hiopods  the  oral  area  is  narrowed  to  a  mere  groove,  and 
is  produced  on  each  side  of  the  mouth  into  a  long  spirally- 

•  These  have  been  described  by  champs,  'Recherches  sur  For- 
Woodward,  Lacaze-Dathiers  and  KAnisation  du  Manteau  chex  les 
especially    by    Eudes    Deslong-      Bracbiopodes  articulra,'  1864 
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coiled  arm,  fringed  witli  tentacles;  whence  the  name  of 
Braehiopoda,  applied  to  the  group. 

In  this  caae,  the  tentactda  disappear  from  the  anterior 
margin  of  the  oral  disk  in  the  region  of  the  month,  and  are 
replaced  hj  a  lip-like  ridge.  Each  arm  contains  a  canal, 
which  ends  in  a  sac  at  the  side  of  the  month. 

In  WaWieimia  (Fig,  116),  the  two  arms  are  nnited  together 
and  their  distal  portions  coiled  into  a  horizontal  spiral. 
In  many  genera,  the  margins  of  the  oral  area  or  arms  are 
fixed  to  processes  of  the  dorsal  valye  of  the  shell.*  In  this 
case  the  arms  are  not  protrasible ;  bnt,  according  to  the 
observations  of  MorBe,t  they  can  be  straightened  and 
extended  beyond  the  shell  in  Bhynchonella,  which  has  no 
brachial  skeleton,. 

The  alimentary  canal  consists  of  an  oBsophagos,  a  stomach, 
provided  with  hepatic  follicles,  and  an  intestine.  In  the 
majority  of  existing  genera  the  latter  is  short,  and  ends  in  a 
caecum  in  the  middle  line  of  the  body  (e.g.  Wiildhevnvia) ;  in 
others  it  is  long,  and  ox>ens  into  the  pallial  chamber  on  the 
right  side  of  the  month  (e.g.  Lingular  Disdna  and  Crania), 

The  alimentary  canal  ia  invested  by  an  outer  coat — the 
so-called  peritoneum, — ^by  which  it  is  suspended,  as  by  a 
mesentery,  in  a  spacious  "  perivisceral "  cavity.  The  walls 
of  this  cavity  are  provided  with  cilia,  the  working  of  which 
keeps  up  a  circulation  of  the  contained  fluid.  Lateral 
processes  of  this  coat — ^the  gctetro-parietdl  and  ileo^parietal 
banda — connect  the  gastric  and  intestinal  divisions  of  the 
alimentary  canal  respectively,  with  the  parietes.]: 

From  the  perivisceral  cavity,  sinus-like,  branched  pro- 
longations extend  into  each  lobe  of  the  mantle,  and  end 
csBcally  at  its  margins.    The  lobes  of  the  mantle  are  pro- 


*  See,  for  excellent  flgaras  of 
these  arrailgements,  and  for  the 
shells  and  external  form  of  the 
body  in  general.  Woodward's 
*'  Manual  of  the  Mollosca.' 

t  *'  On  the  systematic  position 
of  the  Braohiopoda."  (Proceed- 
ings of  the  Boston   Society  of 


Natural  History,  1878.) 

I  Haxley,  *' Contributions  to 
the  Anatomy  of  the  Brachio- 
poda'*  (Proceedings  of  the  Royal 
Societv,  1854);  and  Hano<tck, 
'*  On  the  organisation  of  the  Bra- 
chiopoda"  C  Pl^l-  Trans.'  1858). 
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?w.  116.— Lalcnl  flrw  of  the  Tiacera  of  Waldlitimla  matralii  (itttr 
Iluicock,  ■■  On  the  Orgaidution  of  (he  Bnchiopodi,"  Ffall.  True 
IKtS).— Oi'donal' Ufu  of  nuntla;  i, 'Tentral' Ikyra;  c^  *'il«rior 
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walls  of  the  body  between  the  mantle  lobes;  df, arms;  p,  gullet;  o, 
stomach  with  cut  biliary  ducts  of  the  left  side:  r,  nght  hepatic 
mass ;  «,  intestine  ending  caecally  below ;  o,  so-called  *'  auricles  ;  o, 
the  light  **  pseudo-heart/'  the  left  being  almost  wholly  removed ;  w. 
pyriform  vesiole  fixed  at  the  back  of  the  stomach;  «,  oesophageal 
ganglia;  t,j,  adductor;  A,  divaricator;  /,  adjuster  muscles;  »,  pe- 
duncles. 

bablj,  together  with  the  ciliated  tentactila,  the  seat  of  the 
respiratoiy  fanctioiL  The  sinnses  of  the  pallial  lobes  of 
Jjmgukk  give  rise  to  numerous  highly  contractile,  teat-like, 
processes,  or  amvpuiUB,  During  life  the  circulating  fluid 
can  be  seen  rapidly  coursing  into  and  out  of  each  ampulla 
in  turn  (Morse,  Ix.  p.  38). 

The  perivisceral  cavity  communicates  with  the  pallial 
chamber  by  at  fewest  two,  and  sometimes  four  {Mh,ynchonella) 
tubular  organs,  which  have  been  described  as  hearts,*  but 
are  now  known  to  have  no  such  nature. 

Each  of  these  organs  is  shaped  like  a  funnel,  the  wide 
portion  which  op«as  into  the  perivisceral  cavity,  being 
much  plaited  and  folded,  and  separated  by  a  constriction 
from  the  narrower  part,  which  answers  to  the  pipe  of  the 
funnel.  The  latter,  passing  obliquely  through  the  anterior 
wall  of  the  visceral  chamber,  ends  by  a  small  aperture  in  the 
pallial  cavity.  Prof.  Morse  has  observed  the  passage  of  the 
eggs  through  these  organs  in  Terebraiulina  septentrionalU, 
They  are  drawn  into  the  open  end  of  the  funnel  by  the 
action  of  the  cilia  with  which  its  surface  is  covered,  and  enter 
the  pallial  cavity  by  the  aperture  just  mentioned.  It  is 
probable  that  these  "  pseudo-hearts  "  subserve  the  function 
both  of  renal  organs  and  of  genital  ducts ;  and  that  they 
are  the  homologues  of  the  organs  of  Bojanus  of  other 
mollusks,  and  of  the  segmental  organs  of  worms. 

Between  the  ectoderm  and  the  lining  membrane  of  the 
prolongations  of  the  perivisceral  cavity  in  the  mantle ;  and 
between  the  endoderm,  the  ectoderm,  and  the  lining  mem- 
brane of  the  perivisceral  cavity  itself,  there  is  an  inter- 

*  Owen,'**  Lettre  sur  Tappareil      nodes."    (*  Annalet  des  Sciences 
de  la  circulation  chez  les  Mol-      Katurelles,'  1845.) 
lusques  de  la  classe  des  Brachio- 

2  H 
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space,  broken  np  into  many  anastomoBing  canals,  wbich 
I  conceiye  to  represent  a  large  part  of  the  proper  blood 
system. 

Yesicnlar  dilatations  of  the  walls  of  these  canals  found 
at  the  back  of  the  stomach,  and  in  some  other  localities, 
in  the  Brachiopods  with  articulate  shells,  have  been  regarded 
as  hearts,  but  observations  on  the  Hying  animals,  made 
bj  Tarions  investigatorB,  show  that  thej  are  not  contractile 
and  their  function  is  unknown.  Although  the  existence  of 
a  direct  communication  between  the  periyisceral  chamber 
and  the  blood  canals  has  not  been  demonstrated,  it  is  very 
probable  that  the  perivisceral  chamber  really  forms  part 
of  the  blood-vascular  system. 

Muscles  for  the  adduction  and  divarication  of  the  valTes 
of  the  shell,  and  for  effecting  the  other  movements  of  the 
animals,  are  well  developed  in  the  Brachiopoda,*  They  are 
to  a  great  extent  striated. 

The  nervous  system  of  the  articulated  Brachiopods,  in 
which  it  has  been  best  made  out,  consists  of  a  relatively 
thick  ganglionic  band  on  the  ventral  side  of  the  mouth,  the 
ends  of  which  are  united  by  a  commissural  cord,  which 
surrounds  the  gullet,  and  bean  two  small  ganglionic  enlarge- 
ments. The  latter  probably  answer  to  the  cerebral,  the 
former  to  the  pedal,  ganglia  of  the  LamelUlminehiata. 
Immediately  behind  the  pedal  mass,  from  which  two  large 
nerves  to  the  dorsal  or  anterior  lobe  of  the  mantie  are  given 
off,  are  two  elongated  ganglia,  connected  by  a  commissure 
of  their  own,  which  possibly  correspond  with  the  parieto- 
splanchnic  ganglia  of  the  higher  Mollusks.  The  nerves 
to  the  ventral  lobe  of  the  mantle  and  those  to  the  peduncle 
arise  from  these  ganglia. 

In  the  inarticnlated  Brachiopods,  our  knowledge  of  the 
nervous  system  is  very  imperfect.  In  Lingvla,  Professor 
Owen  has  described  two  lateral  nerve  cords,  and  the  obser- 
vation has  been  confirmed  by  Gratiolet  and  Morse.    The 

*  See  Hftnoock  (1*  c.).  Owen,  PalAontograpUcsl  Society,  ud 
iDtrodaction  to  Davidson's  *  Foe-  Transactions  of  the  Zoological 
sii  Braohiopoda '  (Memoirs  of  the      Society  of  London,  1835). 
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latter  anatomist  finds  similar  cords  in  Diacina,  and  Qratiolet 
has  described  an  oesophageal  rii^g  in  LingtUa.^ 

The  reproductive  organs  are  lodged  in  the  periyisceral 
cavity  or  its  prolongations,  and  aro  apparently  always  oon- 
tained  in  processes  of  the  lining  membrane  of  that  cavity. 
It  is  not  clear  whether  hermaphrodism  is  the  role  or  the 
exception.  ThedAvwrn,  however,  has  been  shown  by  Lacaze- 
Dnthiers  to  be  dioBcions ;  and,  according  to  Morse,  the  sexes 
are  distinct  in  Terebrairulvna  and  Diadna. 

The  development  of  the  Brachiopoda,  notwithstanding 
the  important  observations  of  F.  Maller,t  liacaze-Dnthiers,;^ 
and  especially  of  Morse,§  stood  mnch  in  need  of  further 
elucidation  (especially  in  regard  to  the  earlier  conditions  of 
the  embryo),  until  quite  recently,  when  the  investigations  of 
Kowalewsky  ||  filled  up  the  hiatus  in  our  knowledge  for  the 
genera  Argiope,  Theddiwm,  TerebraMa,  and  TerebraMina, 
The  egg  becomes  converted  into  a  vencular  morula,  in 
which  an  alimentary  sac  is  developed  by  invagination,  and 
this  sac  gives  off,  as  in  Sagitta,  two  diverticula,  which 
become  shut  off  from  the  alimentary  canal,  and  are  con- 
verted into  the  perivisceral  cavity.  The  latter,  therefore, 
is  an  enterocode.  The  embryo  elongates,  and  constrictions 
divide  it  into  three  segments,  of  which  the  anterior  becomes 
fringed  with  long  cilia,  and  developes  eye-spots.  Thus  the 
young  Brachiopod  acquires  a  great  resemblance  to  an  ordi- 
naiy  Annelid  larva.  The  resemblance  is  increased  by  the 
appearance  of  four  bundles  of  set»  on  the  middle  segment, 
which  becomes  produced  into  a  sort  of  hood,  the  free 
edges  of  which  are  at  first  turned  backwards  and  bear 


•  **  Recherobes  pour  Mnrir  k 
I'histoire  dec  Snohlopodes." 
(*  Journal    de    Conohyllologie, 

t  **  Besohreilmng  einer  Bra- 
ehiopoden-larra."  (*Axohiv  f&r 
Anat.,'  1860.) 

t  *"  Histolre  de  la  Thecidee." 
('Ann.  d'UiH.  Nat,'  1861.) 

4  **Onthe6arly8tafltesof  TWv- 
hraiuliMa  aqttadrkmaiu**   (*Me- 


mcin  of  the  Boston  Sodetv  of 
Natural  History,'  1869),  and  the 
memoir  already  cited. 

Jl  Contained  in  a  memoir,  pub- 
lished at  Moecow  in  1874,  for 
whieh  I  am  indebted  to  the 
courtesy  of  the  author.  It  is  in 
Russian ;  but  I  have  been  able  to 
acquaint  myself  with  its  contents, 
to  some  extent,  by  the  aid  of  a 
friend. 

2  H  2 
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these  setffi.  Ar  tile  lanra  grows,  the  third  segment  beoomes 
truncated  at  the  end,  and  famishes  a  surface  (proTided 
with  a  shell  gland  P  tn/rd),  hj  which  the  larva  attaches 
itself.  At  the  same  time,  the  firat,  or  prestomial  segment, 
atrophies,  and  the  setigerous  hood  developed  fh>m  the 
middle  segment  is  retroverted,  rapidly  grows,  and  gives  rise 
to  the  lobes  of  the  mantle,  on  which  the  valves  of  the  shell 
are  developed. 

The  resemblance  of  the  larval  Brachiopod  to  a  Polyzoon, 
and  especially  to  Laxoaomat  is  stiiking,  and  fullj  bears  out 
the  conclusion  as  to  the  affinity  of  the  Polytoa  with  the 
Braehiopoda  which  results  from  the  study  of  their  adult 
structure.  On  the  other  hand,  the  development  of  the  Bra- 
ehiopoda no  less  strongly  testifies  to  their  close  relations 
with  the  Worms.* 

In  the  course  of  the  previous  pages  the  terms  dorsal  and 
ventral  have  been  empk>y6d  in  the  sense  in  which  they  are 
conventionally  used  by  oonchologists.  But  an  interesting 
question,  and  one  not  easy  to  settle  is,  what  relation  do 
these  dorsal  and  ventral  regions  of  a  Brachiopod  bear  to 
the  neural  and  hsemal  regions  of  a  Polyzoon,  or  to  those 
of  a  Lamellibranch,  or  of  a  Gksteropod  P 

If  we  compare  one  of  the  articulated  Brachiopods,  such  as 
Waldheimia,  in  its  shell,  with  a  polypide  of  a  Cheilostomatous 
Polyzoon  in  its  cell,  the  dorsal  valve  will  appear  to  answer 
to  Uie  ox>erGulum,  and  the  ventral  valve  to  the  celL  If  this 
comparison  be  just,  the  two  lobes  of  the  mantle  of  the 
Brachiopod  must  both  belong  to  the  dorsal  or  haemal  aspect 
of  the  body;  that  which  corresponds  with  the  so^adled 
dorsal  valve  of  the  shell  being  the  anterior,  and  that  which 
lines  the  ventral  valve  of  the  shell  being  the  posterior  lobe. 
And  the  region  of  the  anterior  wall  of  the  paUial  cavity 

*  The  aoceptaace  of  fhe  view  ton  Society  of  Natural  History, 

originally  propounded  by  Steen*  1878),  does  not  to  my  mind  weaken 

■hup  and  so  ably  umd  by  IVo-  the  opinion  I  have  alwayi  held 

feasor  Morse,  respeemig  the  affl-  as  to  tneir  affinities  with  the  P<^ 

nities  of  the  Brachiopods  with  coa,  on  the  one  hand,  and  with 

the  Worms  (Proceedings  of  Bos-  the  higher  MolhueOyQR  the  other. 
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which  lies  behind  or  below  Iho  mouth,  will  answer  to  the 
nenral  aspect  of  the  Poljzoon. 

On  the  other  hand,  if  the  segments  of  the  body  of  the 
Lural  Brachiopod  are  true  somites,  and  the  discoidal  sur- 
face of  the  hindeimost  corresponds  with  the  similarly 
formed  end  of  the  larva  of  Laeinularia,  as  Professor  Morse 
suggests,  the  dorsal  lobe  of  the  manlle  will,  as  before,  repre- 
sent part  of  the  hesmal  sorfaco  of  the  bodj,  but  the  ventral 
lobe  will  belong  to  its  neural  suifacA3 — and  can  no  longer 
properly  be  termed  mantle,  but  will  luther  answer  to  the 
foot  of  one  of  the  higher  Mollnsca. 

The  Brcuhiopoda  are  distinguiRhable  into  two  groups, 
the  ArticukUa  and  the  InarticuUita.  In  the  ArticukUa,  the 
two  valves  are  united  by  a  hinge,  and  the  ventral  valve 
is  usually  provided  with  teeth,  which  are  received  in  sockets 
of  the  dorsal  valve.  The  gullet  ascends  in  the  middle  line 
towards  the  dorsal  valve,  and  the  intestine  descends  to- 
wards the  opposite,  or  yentral,  valve,  and  there  ends  in  a 
cescum.  The  dorsal  valve  often  gives  rise  to  spiral  or 
looped  shelly  processes  to  which  the  arms  are  attached.  The 
valves  are  brought  together  by  a  pair  of  adductor  muscles, 
which  pass  directly  from  valve  to  valve;  and  they  are 
separated  by  divaricator  muscles,  which  run  obliquely  from 
the  yentral  valve  to  a  median  process  (the  cardmal  process) 
of  the  hinge-line  of  the  dorsal  valve.  The  impressions  of 
the  attachments  of  these  muscles  on  the  inner  surfaces  of 
the  valves  have  considerable  systematic  importance.  Yery 
often  the  ventral  valve  is  produced  into  a  sort  of  spout, 
through  which  passes  the  peduncle  by  which  the  animal 
is  attached  to  rocks.  At  the  sides  of  Uie  visceral  chamber 
the  thickened  edge  of  the  dorsal  lobe  of  the  mantle  passes 
into  that  of  the  ventral  lobe. 

The  substance  of  the  shell  is  very  often  traversed  by 
numerous  canals  perpendicular  to  its  surface,  which  contain 
prolongations  of  the  mantle.* 

*  The  Btructureof  the  shell  has  Association,'  1844-1847,  and  In- 
been  particularly  studied  bv  Car-  troiuotion  to  Davidson's  '  Fossil 
penter.    CBeportaof  the  British      Brachiopoda.')     See  also  King, 
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This  diTiaion  containB  the  families  of— (1)  The  Terd^nO' 
Midce,  (2)  the  8pir\feridcB,  (3)  the  BhynehoneUidoR,  (4)  the 
OrihidoR,  and  (5)  the  ProductidcB,  of  which  the  second,  f  onrth^ 
and  fifth  are  extinct  and  almost  wholly  palaBOZoic,  no  species 
extending  beyond  the  lias,  while  the  nu^ority  of  the  species 
of  the  other  two  families  are  also  extinct. 

The  family  of  the  TerebratulidcB,  which  is  not  certainly 
known  to  occur  in  formations  older  than  the  DcTonian,  is 
the  only  one  in  which,  since  the  end  of  the  palieossoic  epoch, 
numerous  new  generic  types  appear.* 

The  Inarticulata  have  no  hinge ;  the  intestine  opens  into 
the  cavity  of  the  mantle,  the  margins  of  the  lobes  of  which 
are  completely  separate.  Some  have  a  long  peduncle 
{Lmgvia),  others  are  fixed  by  a  plug  which  passes  through 
an  aperture  or  notch  of  one  valve  {Dwcina),  or  by  the  sur- 
face of  one  valve  (Orania),  There  is  no  brachial  skeleton, 
and  the  arrangement  of  the  muscles  is  in  many  respects 
different  from  that  which  obtains  in  the  articulated  division. 

Species  of  all  these  families,  except  the  SpirifBridoB, 
OrthidcB,  and  ProdmcHdoB,  exist  at  the  present  day,  but  they 
are  also  represented  in  the  older  paJsBozoic  epochs,  and 
Linffulm  are  among  the  oldest  known  fossils,  f 

The  MoLLUSCA. — The  term  MoUusca  may  be  used  as  a 
convenient  denomination  for  the  LameUibranehiaia  and 
Odontophora  (=  Gkwteropoda,  Pteropoda,  and  Cephalopoda,  of 
Ouvier),  which  can  be  readily  shown  to  be  modifications  of 
one  fundamental  plan  of  structure.  This  may  be  represented 
by  a  body,  symmetrical  in  relation  to  a  median  vertical 
plane,  at  one  end  of  which  is  the  oral,  and  at  the  other  the 
anal  aperture  of  the  alimentary  canal.  In  the  body  a 
ventral,  or  newral,  face,  an  opposite  dorsal,  or  hoemdl,  face, 
and  a  right  and  left  side  may  be  distinguished.  The 
neural  face  usually  gives  rise  to  a  muscular  foot.  The  in- 
tegument of  the  hffimal  face  is  generally  produced  at  its 

*  Trans.  Royal  Irish  Academy/  f  ^^  DavidMii's  '  Monographs 

1869.  of  British    Fossil  Braehiopoda,' 

*  Suess,  "Ueber    die    Wohn-  in    the    Paleontographicat    So- 

sitae  der  Brachiopoden  '*  (*  Sitzb.  oiety's  pnblications. 
d.  Wiener  Akad./  1857). 
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edges  into  a  free  fold,  and  the  term  mantle,  or  paMum, 
ia  applied  to  the  region  of  the  integament  thus  circum- 
scribed.  Between  the  free  portion  of  the  mantle  and  the 
rest  of  the  body  is  a  cavity,  the  paUiai  chamber,  from  the 
walls  of  which,  processes  which  sabsezre  respiration,  the 
branehkB,  may  be  developed. 

In  the  median  line  of  the  surface  of  the  mantle  of  the 
embiyo,  a  shell  gla/nd  is  very  generally  formed,  and  from 
the  surface  of  the  mantle  a  cnticalar  secretion,  the  tkell,  is 
produced. 

A  systemic  heart  usually  exists,  and  when  present,  is 
situated  in  the  middle  of  the  posterior  hasmal  region,  and 
consiBts  of,  at  fewest,  two  chambers,  an  auricle  and  a  ven- 
tricle. Arterial  vessels  often  ramify  extensively  through 
the  body,  but  more  or  fewer  of  the  venous  channels 
remain  in  the  condition  of  lacunsB.  The  blood  corpusdes 
are  colourless  and  nucleated.  Distinct  respiratory  organs 
may  be  absent,  or  they  may  take  the  form  of  branchis  or 
pulmonaiy  sacs.  When  present,  they  lie  in  the  course  of  the 
blood  which  is  returning  to  the  heart.  Beside  the  heart 
and  the  intestine  are  situated  the  renal  organs,  which,  on 
the  one  side,  open  externally,  and  on  the  other,  communi- 
cate with  the  blood  systemu 

The  nervous  system  consists  of,  at  least,  one  pair  of  ganglia 
{eerebrdl)  at  the  sides,  or  on  the  hsemal  aspect  of,  the  mouth, 
and  of  two  other  pairs  of  oesophageal  ganglia  (pedeU  and 
parieU>'8plaMchnic),  The  latter  are  situated  at  the  sides, 
or  on  the  neural  aspect,  of  the  alimentary  canal,  and  are 
connected  by  commissures  with  the  former. 

In  the  m%jority  of  the  MoJhuca,  the  embryo  passes  through 
a  stage  in  which  it  is  provided  with  bands  of  cilia  or  with 
a  simple,  bifid,  or  multifid  fold  of  the  integument  {velwn), 
the  edges  of  which  are  ciliated,  developed  on  the  hsemal 
aspect  of  the  cephalic  region  of  the  body,  in  front  of  the 
pallial  region. 

The  special  peculiarities  of  the  different  groups. of  the 
MoUuica  result  chiefly — 

1.  From  the  form  of  the  pallial  region,  and  the  extent  of 
the  mantle-lobes  relatively  to  the  body. 
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2.  From  the  nomber  and  arrangement  of  tlie  pieces  of  tihe 

shell  to  which  the  mantle  gives  rise. 
8.  From  the  proportional  size  and  the  form  of  the  foot 

and  the  production,  or  non-production,  of  chitinous, 

or  shellj,  matter  bj  it. 

4.  From  the  development  of  sense-organs  on  the  anterior 

end  of  the  body,  and  the  absence  or  presence  of  a 
distinguishable  head. 

5.  From  the  disproportionate  growth  of  the  hsemal  re- 

gion of  the  bodj  into  a  visceral  scic,  followed  by  a 
change  in  the  primitive  direction  of  the  intestine,  and 
often  accompanied  by  asymmetrical  lateral  distortion. 

The  Lamellibbanchiata.* — In  these  Mollusks  there 
are  always  two  large  pallial  lobes,  the  margins  of  which  are 
devoid  of  set» ;  and  which  are  lateral,  or  right  and  left,  in 
relation  to  the  median  plane.  Each  lobe  gives  rise  to  a 
piece,  or  vcdve,  of  the  shell ;  and  to  these,  accessory  pieces, 
developed  upon  the  median  hsemal  face  {Fhoku)  or  the  pos- 
terior end  of  the  mantle  {Teredo),  are  in  some  cases  added;  or, 
in  addition  to  its  valves,  the  mantle  may  secrete  a  shelly  tabe 
[Teredo,  AepergilUMn).  The  shell  itself  consists  of  super- 
imposed laTneHfB  of  organic  matter,  hardened  by  the  deposit 
of  calcareous  salts.  It  is  a  cuticular  excretion  from  the 
surface  of  the  mantle,  and  never  presents  any  ceUular 
stmcture.  But  from  the  disposition  of  its  lamellse,  and  from 
the  manner  in  which  the  calcareous  deposit  takes  place  in 
them,  it  may  present  varieties  of  structure  which  have  been 
distinguished  as  nacreous,  prismatic,  and  epid^rmicf 

The  two  valves  are  generally  united  over  the  median  line 
of  the  hsnnal  surface  of  the  body  by  an  uncalcified  chitinous 
cuticular  matter,  termed  the  ligamewt,  which  is  usually  very 
elastic,  and  is  so  disposed,  that,  when  the  valves  are  dosed,  it 
is  either  stretched  or  compressed.    In  either  case,  it  an- 

*  For   a  description    of   the  of  Animal  Life.' 

anatomv  of  a  Lamellibranch  in  f  See  Carpenter,  article'* Shell/' 

detail,  toe  student  is  referred  to  Todd's   *  Cyclopaedia.'     Huxley, 

H  uxley  and  Martin, '  Elementary  '<  Tegumentary  Oigans,"  ibid. 
Biology/  and  RoUeston,  *  Forms 
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tagoiuBee  the  action  of  the  adductor  muscles  and  divaricates 
the  valyes  when  these  muscles  are  relaxed.  Oonchologists 
commonlj  draw  a  distinction  between  an  internal  and  an 
external  ligament ;  but,  in  relation  to  the  bodj  of  the  animal, 
all  ligaments  are  external,  and  their  intemalitj  or  exter- 
nality is  in  respect  of  the  hinge  line,  or  the  line  along  which 
the  edges  of  the  valyes  meet.  In  symmetrical,  or  equivalve, 
Xiamellibranchs,  each  valve  is  concave  internally  and  convex 
externally;  it  has,  in  fact,  the  form  of  a  very  depressed 
cone,  the  apex  of  which,  termed  the  wnibo,  ia  incurved  and 
is  situated  on,  or  projects  beyond,  the  hsBmal,  or  as  it  is 
termed,  dorsal  edge  of  the  valve.  Moreover  it  is  usually 
inclined  f  orwai*ds,  and  situated  nearer  the  anterior  than  the 
X>oeterior  end  of  the  valve.  Sometimes  the  umbonic  cone 
is  prolonged  and  bent  inwards,  or  may  even  form  a  short 
spiral  turn  {Isoeardia,  Diceras),  so  that  the  valve  acquires  a 
certain  resemblance  to  the  shell  of  some  gasteropoda.  As 
the  shell  of  a  Lamellibranch  increases  in  thickness  by 
the  deposition  of  new  layers  on  the  interior  face  of  the  old 
ones ;  and,  in  area,  by  the  extension  of  the  new  layers  beyond 
the  old  ones,  the  summit  of  the  umbo  represents  the  original 
shell  of  the  embryo,  and  the  outer  surface  is  usually  marked 
by  concentric  lines  of  growth,  which  indicate  the  boun- 
daries of  the  successively  added  new  layers  of  shell  sub- 
stance. 

The  applied  edges  of  the  two  valves  are  very  often  pro- 
duced into  elevations  and  depressions  which  interlock  with 
one  another.  The  form  and  arrangement  of  these  teeth 
and  sockets  are  of  much  use  in  systematic  oonchology. 

The  muscles  which  are  attached  to  the  valves,  viz.,  the 
adductors,  retractors  of  the  foot  and  pallial  muscles,  give 
rise  to  impressions  on  the  inner  faces  of  the  valves,  which 
are  very  obvious  when  the  latter  are  removed  and  cleaned. 
With  the  growth  of  the  animal,  the  distance  of  these  im« 
pressions  from  the  hinge  line  and  from  one  another  is 
necessarily  increased,  and  it  is  not  difficult  in  some  cases 
(e.g.  Anodonta)  to  trace  a  faint  triangular  mark,  which  has 
its  base  in  each  adductor  impression  and  its  apex  in  the  umbo. 
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uid  wUch  indicatee  the  soooeamve  rtiftingw  of  poeitioii  of 
themnscle. 

Pig.  117. 


FIk-  117.— RMtlonal  dtegnm  of  ■  freahwiterlHuHel  (AMubnla).— A.  A, 
mantto.  the  right  lobe  of  which  li  nut  bkbv  ;  B,  fool ;  C,  brmoohM 
chamber  of  the  mantle  eavlt;;  D,  ai«l  ctuumier ;  1,  intcriar  ftddnelar 

•  muicle;  II,  poit<rior  ftdduotor  mmcle;  111,  retractor  mtoole  of 
tbe  foot ;  a,  mouth ;  h,  ilomach ;  c,  intHtlne,  the  tunu  of  which  an 
■appoaed  to  be  aean  through  the  tide  walli  of  the  meeaKnnai;  d, 
Tectum;  (,  auiii;  f,  ventricle;  g,  auricle;  A,  gllli,  except  i,  right 
external  ril],  largely  out  away  and  turned  bask;  k,  labial  palpi: 
/.  cerebral ;  ■■,  pediu ;  ■,  puieCo-ipluiBhiilB  ganglia;  o,  aper^m  of 
the  kldnej  oi  organ  of  itojiinui ;  p,  pericsrdiiun. 
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In  some  cases  (e.^.  Lima)  a  LameUibrancli  may  perform  a 
sort  of  aquatic  flight  bj  the  flapping  of  the  yalyes  of  its 
shelL 

The  hard  and  sharp  edged  Talves  of  the  shell  in  Teredo 
are  probably  the  agents  bj  which  the  moUnsk  carves  its 
passages  through  the  wood  which  it  inhabits.  Whether 
the  Talyee  of  the  shelL  of  the  Pholades  and  SaoBieavce  are 
the  instruments  hj  which  they  eoccayate  their  burrows  in 
hard  rock,  or  whether,  as  has  been  suggested,  the  foot,  armed 
with  sand,  is  the  boring  instrument,  is  a  question  which  has 
been  much  discussed,  but  hardly  Inought  to  a  satisfactory 
decision. 

The  hflsmal  face  of  the  body  is  either  flat  or  slightly 
arched,  whence,  in  side  view,  the  hffimal  contour  is  either 
straight  or  convex.  In  most  LameUibranchs,  the  body  is 
symmetrical  in  relation  to  the  median  plane,  but  in  those 
which  have  inequivalve  shells,  as  the  Scallop  (Pecten)  and 
the  Oyster  {OetrcBo),  the  one  half  is  more  convex  than  the 
other.  No  Lamellibranch  has  a  distinct  head ;  but  in  those 
which  possess  two  adductor  muscles  (e.^.  Anodonta),  the 
region  in  which  the  anterior  adductor  lies  and  which  is 
situated  in  front  of  the  mouth,  may  be  distinguished  as 
the  proeoma,  from  the  middle  region  (meaoeoma)  which 
gives  rise  to  the  foot ;  while  the  pert  which  lies  behind  the 
foot  and  contains  the  posterior  adductor  may  be  termed  the 
metatonuL 

The  foot  may  be  rudimentary,  but  it  is  usually  large, 
flexible,  and  employed  as  an  organ  of  locomotion.  The 
posterior  face  of  the  foot  not  uncommonly  presents  a  gland 
which  secretes  a  chitinous,  or  shelly,  substance^  the  byamu, 

From  the  sides  of  the  mesosoma,  close  to  the  attachment 
of  each  mantle-lobe,  the  branchiae  project  into  the  pallial 
cavity. 

In  its  simplest  form,  the  branchia  of  a  Lamellibranch  con- 
sists  of  a  stem  fringed  by  a  double  series  of  filaments  {e.g. 
Nueula).  The  next  degree  of  complication  arises  from 
these  filaments  becoming  as  it  were  doubled  upon  them- 
selves at  their  free  ends,  the  reflected  portions  lying  on  the 
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outer  side  of  the  outer,  and  on  the  inner  side  of  the  inner, 
series  of  primary  filaments.  Bat  the  free,  or  hsmal,  ends 
of  the  reflected  filaments  contract  no  adhesion  either  with, 
the  mantle  on  the  outer  side,  or  with  those  of  the  opposite 
gill  on  the  inner  side.  Delicate  bands  stretch  from  the 
prinuuy  to  the  reflected  filaments  across  the  interspace  which 
they  enclose  {MytUua,  Pecten},  In  most  Lamellibrancha, 
the  gills  are  four  elongated  plates,  each  of  which  is  in  fact 
a  long  and  narrow  pouch,  with  its  open  end  turned  towards 
the  hsemal  face  of  the  body.  Two  pouches  are  situated 
on  each  side  of  the  mesosoma;  one  of  these  pouches  is 
internal,  the  other  external.*  Their  walls  are  united  by 
transverse  septa ;  they  are  richly  ciliated,  and  are  perforated 
by  numerous  apertures.  As  the  outer  wall  of  each  pouch  is 
united  with  the  mantle,  and  the  inner  with  its  fellow  of  the 
opposite  side,  behind  the  foot,  the  whole  branchial  apparatus 
forms  a  sieve-like  partition  extended  between  the  mantle  and 
the  foot  (Fig.  117),  and  thus  divides  the  pallial  cavity  into  a 
au^a-hranehial  and  an  imfra-branchial  chamber.  Inasmuch 
as  the  haemal  edge  of  the  inner  wall  of  each  inner  bran,- 
chial  pouch  is,  for  the  greater  part  of  its  extent,  not  united 
with  the  mesosoma,  but  only  closely  applied  against  the 
latter,  the  supra-branchial  and  infra-branchial  chambers  may 
communicate  by  the  cleft  thus  formed,  as  well  as  by  the 
apertures  in  the  lamellar  walls  of  the  branchial  pouches.  The 
anterior  part  of  the  supra-branchial  chamber  is  divided  into 
a  right  and  left  cavity  by  the  interposition  of  the  mesoeoma, 
on  the  sides  of  which  the  apertures  of  the  renal  and  genera- 
tive organs  are  situated.  The  products  of  these  organs 
therefore  readily  pass  into  these  right  and  left  cavities.  The 
posterior  part  of  the  supra-branchial  chamber,  into  which 
these  two  lateral  divisions  open,  contains  the  termination  of 
the  rectum,  and  receives  the  fsBces,  as  well  as  the  urinary 
and  generative  products :  it  is  therefore  a  sort  of  cloaca. 
Its  external  opening  is  usually  termed  the  anal  opening  of 

*  The  external  gill  pouch  is      and  Tellina  only  one  gill  pouch, 
often  smaller  than  the  internal.       the  internal,  is  present. 
In  species  of  Zjuema,   Cythereoj 
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the  mantle  cavity.  The  margins  of  this  opening  may  be 
produced  into  a  tube  which  is  termed  the  antU  siphon.  In 
front  of  the  anal,  or  rather  cloacal,  opening,  the  margins  of 
the  mantle  may  be  completely  disunited.  Yery  frequently, 
however,  they  are  coi^'oined,  so  as  to  leave  only  an  opening 
for  the  exit  of  the  foot,  and  another  behind  this,  which  is 
termed  the  branchial  opening.  The  edges  of  this  aperture 
maybe  prolonged  into  a  tube,  which  is  termed  the  branchial 
MpAon.  When  a  Lamellibranch  is  in  its  natural  element 
and  undisturbed,  the  valves  of  the  shell  gape  sufficiently  to 
allow  of  the  free  entrance  or  exit  of  water,  to  or  from  the 
pallial  cavity;  or,  when  siphons  exist,  they  are  fully  pro- 
truded. The  cilia  with  which  the  branchis  are  beset,  work 
in  such  a  manner  as  to  drive  the  water  from  the  infra- 
branchial  chamber,  through  the  openings  of  the  branchisB, 
into  the  supra-branchial  chamber.  From  hence  its  only 
way  of  exit  is  by  the  cloaca  and  the  anal  siphon,  when  the 
latter  exists.  In  order  to  make  up  for  the  water  thus  driven 
out,  a  new  suppl  j  of  water  enters  by  the  interspace  between 
the  lobes  of  the  mantle,  which  bound  the  infra-branchial 
chamber,  or  by  the  branchial  siphon.  These  currents  may 
readily  be  made  obvious  by  allowing  a  stream  of  finely* 
divided  colouring  matter  to  pass  slowly  towards  the  bran- 
chial siphon  of  a  Lamellibranch.  It  will  be  seen  to  be 
swiftly  sucked  in,  and  after  a  very  short  time  a  coloured 
stream  wiU  flow  out  of  the  anal  siphon.  The  same  agency 
brings  the  nutritive  matters  suspended  in  the  water  within 
reach  of  the  labial  palpi,  by  which  they  are  guided  to  the 
mouth. 

Whatever  form  the  branchisB  may  possess,  they  are  sup- 
X>orted  by  a  chitinous  skeleton,  in  the  form  of  a  partial  or 
complete  investment  to  the  transverse  branchial  vessels. 

The  mouth  is  bounded  by  lips,  the  angles  of  which  are 
usually  produced  on  each  side  into  two  {a&taZ  palpi.  Some- 
times the  lips  are  represented  by  a  circular  fold  produced 
into  numerous  tentacula  {Peeten),  There  are  no  organs  for 
the  prehension  or  mastication  of  food.  A  wide  and  short 
gullet  leads  into  a  stomach  surrounded  by  the  liver,  which 
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conaistB  of  ntimeroiui  ceca  united  into  ducts  which  open 
into  the  stomach.  Yery  generallj  a  diverticulum  of  the 
pyloric  end  of  the  stomach  contains  a  transparent  rod-like 
bodj — ^the  crygtaUvne  style, 

The  intestine  usually  makes  many  convolutions,  but, 
finally  reaching  the  middle  line  of  the  dorsal  region  of  the 
body,  it  terminates  by  the  anus  in  the  posterior  part  of  the 
palHal  chamber.  The  heart  lies  in  the  region  traversed  by 
the  termination  of  the  intestine.  It  consists  of  an  auricle 
and  a  ventricle,  or  of  a  ventricle  and  two  auricles,  or  may 
be  divided  into  two  separate  auricles  and  ventricles  (Area). 
Aortic  trunks  distribute  the  colourless  blood  to  the  body, 
whence  it  is  carried  to  a  large  median  venous  sinus ;  from 
this  it  passes  through  the  walls  of  the  renal  organs  to  the 
gills,  and  is  returned  from  these  to  the  auricular  division 
of  the  heart.*  Yery  generally  the  ventricle  invests  the 
rectum,  but  in  OstrcBa,  Teredo,  and  Anomia  the  ventricle  is 
quite  detached  from  the  intestine. 

The  renal  orgasiE,  or  organs  of  Bojamu,  are  usually  two 
in  number,  often  more  or  less  umted  together,  of  a  daork 
colour,  situated  beneath  and  behind  the  pericardium  and  in 
front  of  the  posterior  adductor  muscle,  extending  forwards 
on  each  side  of  the  mesosoma,  and  traversed  by  such 
numerous  blood-channels  that  they  have  a  spongy  texture. 
The  walls  of  the  cavernous  blood  sinuses  are  lined  with 
cells  which  secrete  the  urinary  matters  from  the  blood. 
These  take  the  form  of  calcareous  concretions  containing 
uric  acid.  The  gland  communicates  at  one  extremity  with 
the  pericardium ;  at  the  other,  it  either  opens  directly  on  to 
the  surface  of  the  body,  or  into  a  vestibidar  cavity  which 
has  an  external  aperture. 

In  Oetrcea  and  Teredo  the  renal  organ  seems  to  be  present 
in  only  a  very  rudimentary  form.t 

The  mesodermal  region,  between  the  endoderm  and  the 

*  The   circulatory  orgAns    of  demie,'  1855  and  1856.) 

the  freshwater  Mussel  have  heen  t  See  for  the  structure  of  the 

very  fully  described  by  Lanser.  rena    oigans   and    manv   other 

(« Denksohriften  der  Wiss.  ^a-  points  eonneeted  with  the  ana- 
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ectoderm,  is  for  the  moat  part  occupied  bj  TEwcolar, 
ooimeotiTe,  and  mnacnlar  tiBsnea,  uid  b;  the  reprodactiTe 
organa,  »o  that  there  ia  no  large  periTiscenl  apace.  Bot 
there  ia — I.  The  Urge  median  aiaua  alreadj  mentioned, 
which  reBeives  the  blood  retnmed  from  all  parte  of  the 
body,  and  is  commonly  termed  the  vena  oava.  2.  A  spacioos 
pericardial  chamber  which  endoaes  the  heart.    It  is  in 

Fig.  118. 


Pig.  118.— JiudtiiiAi.— Teiilcml  and  tnoivcrM  MOtloa  of  tht  body 
throngl]  (b«  btkrt; /,  nntriele;  ^,  aaHclei ;  i,  TMtmu ;  iLperior- 
dltun;  h,  Imnr,  i,ODtarglll;  i/  lutllmle  of  f,  toe  oigiu  of  Biijuini; 
B,  foot,  A  A,  mintlo  lobm 

communication  with  the  Tenons  system,  and,  conaeqnentlj, 
directly,  or  indirectly,  wiUi  the  vena  cava.  3.  The  csritiee 
of  the  renal  organs,  which  nanally  freely  commnnicate  with 


Umj  of  OMLamtUanmi!Uala,am       StdenOM     Nsturellca,      1854 
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one  another,  while  they  open  into  the  pericardiom  on  the 
one  hand,  and  on  the  exterior  of  the  body  on  the  other. 
4.  In  some  Lamellibranchiata,  canals  open  on  the  exterior 
of  the  body,  especially  on  the  surface  of  the  foot.  In  this 
way  the  blood  system  is  placed  in  direct,  thongh  circuitous 
communication  with  the  sturrounding  water.  These  so- 
called  water-vessels  communicate  internally  with  the  venous 
system,  of  which,  indeed,  they  seem  to  form  a  part.  It  is 
probable  that  all  these  cavities,  taken  together,  represent 
the  perivisceral  cavity,  pallial  sinuses,  and  pseudo-hearts  of 
a  Brachiopod. 

Strong  bundles  of  muscular  fibres,  usually  unstriated,  pass 
transversely  from  one  valve  of  the  shell  to  the  other,  and 
bring  them  together;  while  they  are  divaricated  by  the 
elastic  reaction  of  the  ligament.  Of  such  adductor  muscles 
there  may  be  either  one  or  two.  When  there  are  two 
{Dimyaria),  the  anterior  ad&actor  lies  in  front,  and  on  the 
hsBmal  side  of,  the  oesophagus ;  while  the  posterior  adductor 
lies  in  front,  but  on  the  neural  side,  of  the  rectum.  Hence 
the  alimentary  canal,  as  a  whole,  lies  between  these  two 
muscles.  When  only  one  adductor  muscle  exists  {Mono- 
fnyaria),  it  is  the  posterior. 

The  foot  is  retracted  between  the  valves  of  the  shell 
by  two  or  three  pairs  of  retractor  muscles,  of  which  the 
anterior  and  posterior  pairs  are  usually  attached  to  the 
shell,  close  to  the  anterior  and  posterior  adductor  im- 
pressions. The  protraction  of  the  foot  appears  to  be 
effected  by  the  compression  of  the  blood  by  the  intrinsic 
muscles  of  the  walls  of  the  mesosoma  and  of  the  foot 
itself. 

Each  lobe  of  the  mantle  is  attached  to  the  corresponding 
valve  of  the  shell  by  a  series  of  muscular  fibres,  the  attach- 
ments of  which  give  rise  to  a  linear  impression,  which  runs 
from  one  adductor  to  the  other,  and  constitutes  the  paUial 
line.  When  the  siphons  are  largely  developed  they  have 
retractor  muscles,  the  insertions  of  which  are  so  disposed 
as  to  cause  the  posterior  part  of  the  pallial  line  to  be  more 
or  less  deeply  curved  or  angulated.    Hence  the  distinction  of 
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iwtegropaUiaie  and  mMupckHiaie  as  applied  to  LameUibranelis 
which  haTe  the  pallial  line  erenly  rounded  or  notched. 

The  cerebral  ganglia  lie  at  the  sides  of  the  month,  and 
are  connected  hj  a  commissnre,  which  passes  in  front  of  it. 
They  give  branches  to  the  anterior  region  of  the  mantle, 
to  the  gills,  to  the  anterior  addnctor  mnscle,  to  the  labial 
palpi,  and  to  the  parts  abont  the  mouth.  The  pedtd 
ganglia  are  situated  in  the  foot ;  or  in  the  corresponding 
region  on  the  neural  side  of  the  alimentaiy  canal,  when 
no  foot  is  dcTeloped.  Each  is  united  by  a  commissure 
with  the  cerebral  ganglion  of  the  same  side,  and  gives  off 
branches  to  the  muscles  of  the  foot.  The  parieio-iplanckwU 
ganglia  lie  on  the  neural  face  of  the  posterior  adductor 
muscla  The  long  commissures  which  unite  them  with  the 
cerebral  ganglia  usually  traverse  the  renal  organ,  and  lie 
beneath  the  floor  ol  the  pericardiom.  Each  of  these 
ganglia  gives  off  a  nerve  to  the  branchia  of  its  side,  and 
supplies  the  posterior  and  middle  part  of  the  mantle. 
This  posterior  paUial  nerve  may  anastomose  with  the 
anterior  paUial  nerve  from  the  cerebral  ganglion.  The 
ganglia  also  furnish  nerves  to  the  posterior  adductor 
musde,  to  the  heart,  to  the  rectum,  and  to  the  muscles  of 
the  siphons,  when  the  latter  are  present.  Eyes  are  never 
developed  in  the  cephalic  region  of  the  Lamellibranohs, 
but,  in  many  (eg,  Pecten)  numerous  simple  eyes  terminate 
papillfiB  of  the  uargins  of  the  mantle.  Auditoiy  sacs  are 
almost  invariablf  attached  by  longer  or  shorter  j>eduncles 
to  the  pedal  gan^ia. 

The  Lamellihrcozekiaia  are  usually  dicBcious,  but  some- 
times hermaphrodte*  (e.^.  Oyelas,  some  species  of  Cardiwm 
and  Peeten,  Osircda,  ClavageUa  and  Pamdora).    The  genera- 


*  The  testes  and  oraria  are 
distSnet  in  the  hem^phrodite 
Pectmes,  In  Cardhaa  ietrahtm. 
adjacent  ceca  of  the  sezml  gland 
contain  spermatoioa  or  lya,  or 
both  products  may  be  dei^loped 
in  the  same  cscum.  In  th\  com- 
mon Oyster  the  genital  cste  in 
any  given  individoal  are  fouid  to 


be  either  almost  all  ovigerons  or 
almost  all  spennigerous :  and  it 
appears  probable  that  tne  pre- 
dominantly male,  precedes  the 
predominantly  female,  condition. 
See  Lacase-Duthiers.  ^Organee 
g^itaux  des  Ac^phaies  LamelH- 
branohes"  (*Ann.  des  Soieneee 
Naturelles,'  1854). 
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tire  organs  are  ramified  glands  of  sunple  Btructure  and 
similar  in  both  sexes,  the  ducts  of  which  open  into,  or  doee 
to,  the  renal  organs. 

The*  process  of  jelk-division  *  nsnally  gires  rise  to  smaller 
and  larger  blastomeres,  of  which  the  former,  as  an  epiblast, 
inyest  the  latter  as  a  hypoblast.    At  the  cephalic  end  of  the 
embryo  of  most  LameUibranchs,  a  velum,  or  disk  with 
richly  ciliated  edges  and,  osually,  a  central  tnft  of  longer 
ciUa,  is  formed.    On  the  dorsal  face  of  the  embryo  the 
integument  rises  into  a  patch  with  raised  edges,  which 
ia  the  rudiment  of  the  mantle.    The  separation  of  the  shell 
int«  two  Talyes,  united  by  an  uncalcified  hinge,  must  pro- 
bacy bo  ascribed  to  the  manner  in  which  the  calcareous 
matter  subsequently  added  to  the  shell  is  deposited.    The 
foot  appears  as  a  median  outgrowth  of  the  neural  fsuoe  of 
tho  embryo  behind  the  mouth.     The  branchisB  have,  at 
first,  the  form  of  separate  filamentous  processes,  which 
are  developed  from  the  roof  of  the  anterior  part  of  the 
pallial  cavity,  at  the  point  of  junction  of  the  mantle  with 
the  mesosoma,  and  gradually  increase  in  number  from 
before  backwards.     In  those  LameUibranchs  which  have 
pouchlike  gills,  it  appears  that  the  processes  which  are  first 
formed  become  the  outer  lamella  of  the  inner  gill-plate, 
their  free  ends  uniting  together ;  the  inner  lamella  of  this 
plate  is.  produced  by  the  upgrowth  of  a  thin   lamina, 
which  subsequently  becomes  perforated,  from  the  united 
ends  of  these  processes.    The  inner  lamella  of  the  outer 
gill  is  formed  of  branchial  processes,  which  grow  out  from 
the  attached  ends  of  the  first  set;  and  the  outer  In-Tn^lli^ 
of  this  gi]l  is  produced  in  the  same  fashion  as  the  inner 
lamella  of  the  inner  fi^-f 

Recent  observations  tend  to  show  that  in  these,  aa  in 
other  Invertebraia,  the  nervous  gsnglia  are  modified 
ingrowths  of  the  epiblast. 

*  See  Loven,  'Archiv  far  N»-  f  Ucase-Duthien,  ''Sur  lede- 

tuiigeschichte,'  1849.   De  Quatre-  veloppemeot  dee  brenchies  dee 

iagee,  **  Memoires  but  FEmbryo-  MoUtuques    acephales    Lamelli- 

B^nie  des  Tarete  "  (*Aim.  dee  8c.  bniehee  "  O  Ann.  dee  SeienoM 

Nat.,'  1849).  Na»rellce/  4,  iv.). 
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The  simplest  form  of  development  of  the  LameUibranehi- 
aia  has  been  observed  in  PiMiwrn,*  By  the  process  of 
cleavage,  the  vitellus  is  divided  into  a  number  of  equal 
blastomeres.  The  morula  thus  formed  undergoes  invagi- 
nation, and  is  converted  into  a  gastrula.  The  blastopore, 
or  aperture  of  invagination,  closes,  and  the  epiblast,  or 
ectodermal  layer  of  the  embryo,  growing  much  faster  than 
the  hypoblast^  or  endodermal  layer,  the  latter  forms  a  small 
shut  sac,  the  primitive  alimentary  sac  (or  archenteron) 
attached  to  one  point  of  the  inner  surface  of  the  much 
larger  ectodermal  sac.  The  mesoblastic  cells  appear  to  be 
derived  both  from  the  epiblast  and  the  hypoblast. 

The  mouth  is  formed  by  a  depression  of  the  ectoderm  at 
the  anterior  end  of  the  body,  which  grows  towards  and 
opens  into  the  archenteron.  The  anus  is  developed  at  the 
opposite  end,  in  the  region  of  the  primitive  invagination. 
On  the  neural  face  of  the  embryo,  the  foot  grows  out, 
while  the  mantle  appears  on  the  opposite  face ;  and,  in  the 
centre  of  the  mantle,  a  transversely  oblong  depression  lined 
by  elongated  cells  is  the  'shell  gland.'  In  the  median 
Ihie  this  answers  to  the  ligament,  and,  at  the  sides,  to  the 
middle  region  of  the  future  valves  of  the  shell ;  but  the 
precise  share,  if  any,  which  it  takes  in  the  formation  of 
these  parts  does  not  appear.    Pisidium  has  no  velum. 

The  development  of  one  of  the  fresh-water  Mussels  {Unio 
pietorvm)  has  recently  been  worked  out  very  fully  by 
EabLt  The  vitellus  divides  into  two  unequal  masses,  of 
which  the  larger  is  termed  by  Babl  the  '  v^etative '  and 
the  smaller  the '  animal '  cell,  somewhat  inconvenient  names 
which  may  be  replaced  by  '  nuicramere '  and  '  mtcromere.' 
Each  of  these  becomes  subdivided,  partly  by  ordinary  fission, 
partly,  as  in  the  case  of  the  macromere^  by  a  process  of 
budding,  into  blastomeres,  of  which  those  which  proceed  from 
the  macromere  long  remain  larger  and  more  granular  than 
those  which  proceed  from  the  micromere.    The  blastomeres 

*  Lankester**  On  the  Develop-  f  C.  Rabl,  *Ueber  die  Ent- 
mental  History  of  the  MoUasca."  wlckelungsgeechichte  der  Maler* 
('  f  ML  Tnuu.'  1874.)  muschel,'  Jena,  1876. 

2  I  2 
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arrange  themselyefi  into  a  hollow  epbefre — ^the  hktdotphere. 
This  is  a  yefidcular  morula,  composed  of  a  single  layer  of 
blastomeres,  of  wliich  those  of  one  hemispbere  baye  pro- 
ceeded from  the  micromere,  and  those  of  the  other  from 
the  macromere.  Two  blastomeres  of  the  macromeral  hemi- 
sphere remain  much  laiger  than  the  rest.  The  macromeral 
hemisphere  next  undergoes  inyagination,  and  its  inyagi- 
nated  part  becomes  the  hypoblast.  The  two  lai^  blasto- 
meres just  mentioned,  which  are  disposed  Bymmetricaliy, 
one  on  each  side  of  the  median  plane  at  the  anterior  margin 
of  the  area  of  inyagination,  become  enclosed  between  the 
hypoblast  and  the  epiblast,  and  by  their  diyision  give  rise 
to  the  mesoblast.  This  last,  therefore,  may  be  regarded 
as  an  indirect  product  of  the  hypoMast. 

The  endodermal  sac  formed  by  the  hypoblast  now  loses 
its  connection  with  the  region  of  the  onbryo  of  which  it  is 
an  inyagination,  and  applies  itself  to  the  anterior  wall  ol 
the  body,  where  an  inyolution  of  the  ectoderm,  which  giyes 
rise  to  the  oral  cavity,  takes  place.  The  greater  part  of  the 
mesoblastic  cells  become  the  adductor  muscle,  which  is  at 
first  single  and  answers  to  the  posterior  adductor  of  the 
adult.  There  seems  to  be  no  shell  gland.  The  shell  appears 
at  first  as  a  membranous  cuticuls^  continuous  from  side  to 
side,  and  therefore  undivided  into  two  yalyee.  Subsequently 
it  becomes  calcified  and  biyalye.  The  byssus  gland  is 
developed  as  an  involution  of  the  ectoderm  at  the  posterior 
end  of  the  body ;  and  the  yentral  hemisphere,  or  that  oppo- 
site the  shell,  becomes  divided  by  a  deep  median  fold  into 
the  two  lobes  of  the  mantle  on  which  the  Ghaiacteristic 
pencil-like  papilla  appear.  In  front  of  the  rudimentary 
ihouth  are  two  ciliated  depressions  of  the  ectoderm,  which 
are  possibly  the  rudiments  of  the  nei'vous  ganglia. 

In  Unio  and  Anodonia  the  young  are  hatched  in  the  outer 
gill  pouches  of  the  parent,  from  which  they  are  so  dis- 
similar that  they  were  at  one  time  considered  to  be  parasites 
(Ohehidium).  The  valves  of  the  shell  are  triangular  and 
have  incurved  and  serrated  apices,  by  the  help  of  which  the 
larv»,  after  they  leave  the  parent,  attach  thamselves  to 
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fifllieB  and  other  flofttmg  bodies.  In  this  podtioii  thej 
tmdergo  a  aort  of  metamorplioeiB,  and  erentiiallj  fall  off  and 
sink  to  the  bottom  aa  minute  freah-water  Mnaaels. 

On  comparing  the  LameUibranchitsta  with  the  Braehiopoda, 
it  ia  obyiona  that  the  two  haye,  in  common  with  one  another 
and  with  the  Anndidti,  the  ciHated  or  veligerona  larval 
form.  If  the  ahell  gland  ia,  as  Mr.  Lankeater  anggeata, 
the  homologae  of  the  peduncular  gland  of  LoQD09oma  and 
of  the  Braohiopod  lanne,  it  f ollowa  that  the  peduncle  of 
the  Braohiopod  correaponda  with  the  centre  of  the  pallial 
surface  of  the  Lamellibranch,  and  that  the  so-called  doraa* 
and  ventral  lobea  of  the  mantle  in  the  Braohiopod  corre- 
spond with  the  anterior  and  posterior  halvea  of  the  mantle 
in  the  Lamellibranch.  The  Braohiopod  hinge  will  there- 
fore be  transrerae  to  the  axia  of  the  body,  while  the 
Lamellibranch  hinge  ia  parallel  with  it.  If  thia  compariaon 
be  juatk  however,  the  three  aegmenta  of  the  Braohiopod 
larva  cannot  answer  to  the  aegmenta  of  an  Annelid  larva» 
but  the  two  poaterior  aegmenta  of  the  Braohiopod  larva 
muat  represent  an  outgrowth  of  the  hsmal  aide  of  the  body; 
and  thia  would  correepond  very  well  with  the  arrangement 
of  the  intestine  in  the  articulated  Brachiopoda, 

In  the  aimpleat  forma  of  the  LamUUiimmehiata,  aa  Trigonia, 
Nncula,  and  Pecten,  the  mantle-lobea  are  almost,  or  com- 
pletely, disunited  with  one  another  and  with  the  branchiiB, 
and  the  latter  are  either  aimple  plumea  or  have  undergone 
but  little  modification.  The  hsemal  face  of  the  body  ia 
abort  relatively  to  ita  vertical  height. 

In  moat  Lajnellibrancha  the  haemal  face  of  the  body  ia 
longer;  the  gilla  are  lamellar,  and  the  mantle-lobea  are 
united  with  one  another  and  with  the  gilla,  ao  aa  to  aepa- 
rate  a  aupra-branchial  from  an  infra-branchial  chamber 
{AnodofUa).  In  yet  othera,  the  poaterior  margina  of  the 
mantle  are  produced  backwarda  into  short  8iphon§,  but  the 
mantle-lobea  remain  separate  for  the  rest  of  their  extent 
(CarcUwn);  in  others,  the  siphons  are  greatly  elongated  and 
the  ventral  margina  of  the  mantle-lobea  unite,  so  as  to  leave 
only  a  small  median  aperture  for  the  foot  {Pholaa),    In  the 
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most  modified  forms,  the  body  becomes  more  and  more 
elongated,  nntil,  in  Teredo,  it  is  completely  yermif orm,  and 
the  yalves  of  the  shell  cover  but  a  very  small  portion  of 
the  body. 

The  foot  is  wanting  as  a  distinct  structure  in  Ostrwa; 
while  in  CarcUum  and  Trigonia,  it  is  a  large  muscular 
organ,  by  the  aid  of  which  the  animal  is  able  to  leap  for 
some  distance.  The  byssus  may  be  present  in  the  young 
and  absent  in  the  adult  (e.g,  Anodonta).  It  may  have  the 
form  of  strong  chitinous  filaments  (Mytikts)  or  of  a  plate 
of  homy  or  shelly  texture  {Area,  Anomia),  The  inequality 
of  the  yalves  attains  its  maximum  in  the  HippurttidcBj  in 
which  one  valve  may  have  the  form  of  a  long  cylinder,  or 
cone,  while  the  other  is  a  flattened  plate.* 

The  shells  of  Lamellibranchs  are  among  the  most 
abundant  of  fossil  remains  in  all  epochs  of  the  world's 
history.  In  the  PalsBOzoic  formations,  however,  the  pro- 
portion of  these  mollusks  relatively  to  the  Brcuikiopoda  is 
the  reverse  of  what  obtains  at  the  present  day,  the  latter 
being  very  numerous,  while  the  Lamellibranchs  are  com* 
paratively  scanty.  The  integropalliate  are  far  more  nume- 
rous than  the  sinupaUiate  forms  in  the  older  rocks.  The 
HippwrUid(B  of  the  Cretaceous  epoch  is  the  only  family  of 
ancient  Lamellibranchs  which  is  extinct  at  the  present  day ; 
and  the  only  one  which  diverges  to  any  considerable  degree 
from  existing  forms. 

The  Odontophoba. — In  the  Mollusks  which  belong  to 
this  division,  the  mantle,  always  present  in  the  newly 
hatched  young,  may  abort  in  the  adult  condition.  It  is 
never  divided  into  two  lobes,  though  it  may  be  slit  or  per- 
forated where  it  forms  the  wall  of  the  branchial  chamber 
{HaliotiB,  FisswreUa), 

Yery  generally,  the  prosoma  bears  tentacula  and  eyes ; 
and  a  distinct  head  being  thus  recognisable,  these  Mollusks 

*  For  an  ezeellent  account  of  the  LianelUbramehiata  firom  the 
conohologloal  side,  aee  Woodward'a  *  Manual  of  tha  MoUuaca.' 
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bare  been  named  C^halophara,  in  contradistinction  to  tbe 
acephalous  Lamellibranclis  and  Bracbiopods. 

Tbe  mantle  commonly  gives  rise  to  a  shell ;  which  may 
either  be  a  more  or  less  calcified  cnticnlar  product  of  the 
epidermis,  covering  the  outer  surface  of  the  mantle,  when  it 
constitutes  an  external  shell,  as  in  the  iMimellibranchiata 
and  Brachiopoda ;  or  it  may  be  developed  within  a  sac  itt 
the  interior  of  the  mantle,  as  an  internal  shell.  La  neither 
of  these  cases  is  it  ever  a  bivalve  shell  divided  into  two 
lateral  portions.*  Usually  it  is  in  one  piece  (univalve),  but 
in  one  group,  the  ChUonidce,  it  consists  of  a  number  of 
pieces  (not  exceeding  eight),  arranged  in  longitudinal  series 
along  the  middle  line. 

Calcareous  matter  is  very  commonly  diffused,  in  the  form 
of  granules,  through  the  connective  tissue,  and  often  takes 
the  form  of  spicula  (e.g.  Doris), 

The  mesosoma  is  generally  prolonged  into  a  muscular 
foot,  which  may  be  provided  with  lateral  appendages,  the 
epipodia.  And,  on  the  hsnud  aspect  of  the  ;posterior  portion 
of  the  foot,  a  chitinous  or  shelly  plate,  termed  the  opercukim, 
may  be  developed.  This  operculum  appears  to  be  the 
analogue,  if  not  the  homologpie,  of  the  byssus  of  the  Lamelli- 
branchs;  and  is  certainly  not  homologous  with  either  of 
the  valves  of  the  shell  of  the  latter,  which  are  pallial  struc- 
tuies.  The  edge  of  the  mantie  forms  a  free  fold  which 
nearly  or  entirely  surrounds  the  mesosoma;  and  in  one 
genus,  DeniaMwn,  the  margins  of  the  mantie  unite  for  the 
greater  part  of  their  length :  in  all  the  rest  they  remain 
free.  A  space  is  enclosed  between  tiie  lobes  of  the  mantie 
and  the  mesosoma.  Usually  this  space  is  much  larger  on 
one  face  of  the  body,  and  constitutes  the  pallial  chamber. 
As  a  rule,  the  branchisa  are  lodged  in  this  chamber,  and 
the  anus  opens  into  it. 

In  a  very  few  Odowtophara,  the  symmetry  of  the  body  is 

*  The  singular  bivalve  pUtea,  homologoaa   with   the   shell    of 

termed  Aptyekua^  which  occur  in  ordinary  Molluaka,  which  ia  re- 

the  AmmonUidm^  whatever  their  presented  by  the  chambered  ahell 

nature  may  be,  are  obviously  not  of  the  oepbalopod. 
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unduturbed;  th&t  is  to  say,  the  mouth  and  the  anuB  are 
situated  at  opposite  ends  of  the  axis  of  the  body,  and  the 
hnmal  face  is  not  produced  into  a  visceral  aac  {e.g.  Chiton, 
DmidUum),  But,  in  the  great  minority,  such  a  Tisoeral  sac 
SB  formed.  In  the  Cephalopoda,  it  co-exists  with  bilateral 
^rmmetiy,  inasmuch  as  the  mantle  and  the  anus  lie  in  the 
plane  which  divides  the  body  into  two  sunilar  halves.  But, 
in  most  Odonkphora,  the  anus  is  twisted  to  one  side  (usually 
the  rijght),  and  in  many,  it  is  situated,  together  with  the 
pallial  chamber  in  which  it  is  contained,  on  the  anterior 
face  of  the  body. 

The  mouth  lies  at  the  anterior  end  of  the  body,  on  the 
luemal  side  of  the  antericn*  part  of  the  foot  (except  in  the 
Cephahpoda),  It  may  be  provided  with  variously  disposed 
jiaws,  or  cutting  plates,  of  a  ohitinous  or  calcified  substance. 
But  the  structure  which  is  most  characteristic  of  the  Odon- 
iophorcif  and  which  »  absent  in  only  very  few  genera  {e,g, 
T0thy$,  Doridwm,  Bhodope\  is  a  peculiar  rasping  and  some- 
times prehensile  apparatus,  the  odoniophore,  or  as  it  is 
often  termed,  the  tongue,  which  is  attached  to  the  floor 
of  the  mouth  (Fig.  119, 120). 

This  apparatus  consuts  of  a  skeUion;  of  a  tubradMlat 
menibroMe,  wldch  iis  oontinuouB  with  the  lining  of  the  oral 
eavity;  of  the  «u(iiaa ;  and  of  imMnsio  and  eoftrinaic  mutcles. 

The  skeleton  is  composed  of  two  principal  masses  of  par- 
tially fibrous,  or  completely  cartilaginous  tissue  {odonio' 
phond  eartfUaget),  which  may  be  more  or  less  confluent,  and 
are  further  united  together  in  the  middle  line  by  fibrous 
and  muscular  tissue.  Their  anterior  ends  and  oral  faces 
are  free  and  smooth,  and  are  usually  excavated  so  as  to 
present  a  trough-like  surface  to  the  subradular  membrane, 
which  rests  upon  them.  Accessory  cartilages  may  be 
added  to  these.  Behind,  the  subradular  membrane  is  con- 
tinued into  a  longer  or  shorter  sac,  lined  by  a  continuation 
of  the  buccal  epithelium.  The  radula  is  a  cuticular  chitinous 
product  of  the  epithelium  of  the  subradular  membrane.  It 
is  armed  with  tooth-like  processes  arranged  in  one  or  many 
series ;  and  additions  are  constantiy  being  made  to  its  pos- 
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tenor  end,  wIucIl  is  lodged  in  the  no  of  tlie  sabrodular 
memtMmne.  Thna  the  t«eth  are  repliMsed  from  behind,  as 
fast  as  they  are  worn  awaj  bj  fi-iction  against  the  food 
which  they  rasp,  at  the  anterior  end  of  the  ribbon. 

The  intrinno  mnflclee  of  the  odontophore  ore  attached,  an 


Fig.  119. 


Fig.  119.-AH>«n»  ti«trf«i^_A,r»dalm;  B,  OM  of  the  tnnnaiw 
roiri  of  tealh.  a,  anterior,  6,  poalerior  endj  t,  ceotnL  L  laMral 
tMUi.    (After  vrooiwtid, '  HMoal  of  tbe  Hollniea.') 


/)g.  1!0.~-A^  TrtKlHU  emerariia  ;  the  medlin  tooth  and  the't«etll  ot 
rhe  rlsht  half  of  one  row  of  the  ndala.  B,  Cmraa  Eurmaa,  oas 
rowaftetthoftfaenulubL   (Woodward,  Ibid.) 

the  one  hand,  to  the  poateriorand  under  fitcea  of  theodonto- 
phoral  oartil^^,  and,  on  tlie  other,  to  the  anbradnhir  mem- 
brane, aome  being  inserted  into  ita  poeterior  and  lateral 
portions,  and  othera  into  its  anterior  eztremitj,  aft«r  it 
has  tnmed  orer  the  anterior  eztremitiea  ot  the  principal 
cartiiimea.      Certain    of   the  mnsonlar  bondlee   are   iJso 
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attached  to  the  fore  part  of  the  odontophoral  cartilages 
themselyes.  The  contraction  of  these  moscles  mnst  tend  to 
cause  the  sabradnlar  membrane,  and  with  it  the  radola,  to 
travel  backwards  and  forwards  over  the  ends  of  the  car- 
tilages in  the  fashion  of  a  chain-saw,  and  thus  to  rasp  any 
body  against  which  the  teeth  may  be  applied.  When  un- 
disturbed, the  radula  is  concave  from  side  to  side,  and  the 
teeth  of  the  latei'al  series,  being  perpendicular  to  the  surface 
to  which  they  are  attached,  are  inclined  inwards  towards 
one  another.  But  when  the  intrinsic  muscles  come  into 
action,  the  radula,  as  it  passes  over  the  ends  of  the  car- 
tilages, becomes  flattened,  and  the  lateral  teeth  are  con- 
sequently erected  or  divaricated.  The  extrinsic  muscles  pass 
from  the  odontophore  to  the  lateral  walls  of  the  head,  and 
protract  or  retract  the  whole  apparatus.  They  may  give  the 
protruded  extremity  of  the  radiQa  a  licking  motion,  which 
is  quite  independent  of  the  chain-saw  action  due  to  the 
intrinsic  muscles.* 

The  odontophore  is  developed  very  early,  and  it  would  be 
interesting  to  know  whether  it  exists  in  the  young  of  those 
few  Odondophora,  in  which  it  is  wanting  in  the  adult 
state. 

Salivary  glands  are  very  generally  present  in  the  Odonio- 
phorttif  and  the  liver  is  usually  large. 

As  in  the  Mollusca  in  general,  the  blood  ^orpusdes  are 


*  In  my  memoir  "  On  the  mor- 
phology of  the  CephaloQB  Mol- 
lusca" rPhil.  Trans.  1852),  I  de- 
scribed me  chain-saw  action  of  the 
odontophore,  as  I  observed  it  in 
the  transparent  Firoloides  and  At- 
kmtOj  while  living.  But  as  Troschel 
has  remarked  in  his  excellent 
monograph  (^Das  Oeliiss  der 
Schnecken,*  erste  Lieferung,  pp. 
19, 20, 1856),  I  did  not  sufficient  fy 
dwell  on  the  frequency  and  im- 
portance of  the  licking  action  pro- 
duced by  the  extrinsic  muscles.  I 
am  still  of  opinion,  however,  that 
this  action  cannot  be  rightlv  de- 
scribed, as  a  movement  of  the 


radula  following  secondarily  upon 
that  of  the  cartilages,  inasmuch 
as  it  is  a  motion  of  the  whole 
odontophore.  On  the  other  hand, 
it  may  be,  as  has  been  suggested 
to  me  by  Mr.  Geddes,  who  at  my 
suggestion  has  undertaken  a  re> 
examination  of  the  structure  of  the 
odontophore,  that  the  flexure  of 
the  anterior  ends  of  the  odonto- 
phoral cartilages,  by  the  intrinsic 
muscles  inserted  into  them,  plays 
an  important  part  in  the  motion 
of  the  radula. 

t  In  Dolium  the  salivarv  secre- 
tion contains  free  sulphuric  acid. 


•^ 
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colourless  and  nucleated.  The  blood  plasma  is  red  in 
Planorbia. 

The  heart  may  be  wanting  (Dentalivm)  or  it  may  resemble 
that  of  the  Lamellibranchs  in  having  two  amides  {ChUon, 
HaUoUs),  and  even  in  being  perforated  by  the  rectum 
(Haliotis,  Twrho,  NerUa) ;  most  commonly  it  consists  of  a 
single  auricle  and  a  single  ventricle.  In  the  Cephalopods,  it 
is  hard  to  say  whether  the  two  or  four  branchio-cardiac 
tninks  which  open  into  the  ventricle  should  be  regarded 
as  veins  or  as  auricles.  An  accessory  "  portal "  heart  has 
been  described  in  Doris.*  Special  respiratory  organs  may 
be  wanting,  their  place  being  taken  by  processes  of  the 
body,  or  by  the  walls  of  the  mantle  cavity,  or  by  the  general 
surface. 

The  branchisB,  when  present,  are  numerous  lamellar  pro- 
cesses, or  from  one  to  four  plume-like  gills.  Aerial  respira- 
tion is  effected  by  the  walls  of  a  pulmonary  sac,  which  is 
a  modification  of  the  pallial  cavity. 

The  presence  of  renal  organs,  in  the  form  of  one  or  more 
sacs  situated  close  to  the  heart,  open  to  the  exterior  on  one 
side  and,  on  the  other,  in  relation,  usually  by  means  of  a 
glandular  structure,  with  the  returning  current  of  blood,  is 
very  general ;  and,  in  many  cases,  these  renal  sacs  communi- 
cate directly  with  the  blood  sinuses  through  the  pericardium. 
In  many  Fteropods  and  Heteropods  they  are  rhythmically 
contractile. 

As  in  the  Livn^UiJbranchiaia,  so  in  many  Odontophora, 
simple  or  branched  canals  traverse  the  substance  of  the  foot 
and  open  externally  by  a  more  or  less  conspicuous  pore, 
which  is  usually  situated  upon  its '  inferior  face.  These 
agmferoua  eanaU,  as  they  have  been  termed,  appear,  in  many 
cases,  to  open  by  their  inner  ends  into  the  blood  sinuses, 
and  thus  to  establish  a  direct  communication  between  the 
blood  and  the  surrounding  water.  In  species  of  Pynila, 
Agassiz  found  that  coloured  fluids  injected  into  the  pore 
passed  into  and  fiUed  the  blood  vessels  generally.    But  it 

*  Hancock  and  Embleton,  <<  On  the  Anatomy  of  Doris."  C  PhU. 
Trana.*  1852.) 
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may  be  doubted  wbetber  theie  canals  shonld  be  regaided  as 
a  special  system  of  Tessels,  rather  tban  as  blood  sinofles 
which  open  externally. 

The  arrangement  of  the  centres  of  the  neryons  system  in 
DeiUalium  *  most  nearly  approaches  that  which  exists  in  the 
iMmdlihroMehiMia,  Two  cerebral  ganglia  lie  cloae  together 
on  the  hsamal  side  of  the  CBSophagas.  A  long  commiMraral 
cord  connects  each  of  them  with  one  of  the  pedal  ganglia., 
which  are  also  closely  united.  A  second  long  oommissnre 
passes  backwards  from  the  cerebral  ganglia,  and  often 
presents  a  ganglionic  enlargement  at  its  origin.  It  unites 
with  one  of  two  ganglia,  situated  dose  to  the  anus»  and  con- 
nected, in  front  of  it,  by  a  rathei'long  transverse  commisBuie. 
The  nerves  distributed  to  the  posterior  half  of  the  mantle 
are  giren  off  from  these  ganglia,  and  those  to  its  middle  region 
from  the  anterior  end  of  the  conmiissuie  or  its  ganglicmic 
enlargement.  There  seems  no  reason  to  doubt  that  the 
ganglia  dose  to  the  anus,  together  with  the  ganglionic 
enlargements  at  the  anterior  ends  of  the  oommiasures 
which  connect  them  with  the  cerebral  ganglia,  correspond 
with  the  parieto-splanchnio  ganglia  of  the  LamellihraachB, 
and  that  the  cerebral  and  pedal  ganglia  are  the  homolbgues 
of  those  so  named  in  the  latter  Mollusks. 

In  addition  to  this  approximation  of  part  of  the  gan- 
glionic mass  of  the  parieto-splanchnic  system  to  the  cerefaral 
ganglia,  DentaMum  differs  from  the  Lamellibranehs  and 
resembles  other  Odoniophora,  in  the  possesdon  of  a  system 
of  Imcecd  nerves,  which  arise  from  the  cerebral  ganglia,  and 
in  which  minute  ganglia  are  devdoped.  The  nerves  which 
proceed  from  the  buccal  ganglia  are  distributed  to  the 
odontophore  and  its  musdes. 

In  other  Odoniophora,  the  two  cerebral  and  two  pedal 
ganglia,  with  their  commissures,  are  always  to  be  recog- 
nised ;  but  the  number  of  the  ganglia  which  represent  the 
parieto-splandmic  system  may  be  increased,  and  the  anterior 
ganglia  of  this  system  may  attain  a  large  size,  and  may 

*  See  Lacaze-Duthiers,  *  Organisatloii  du  Dentde.' 
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come  into  dose  relatioii  not  only  witli  the  cerebral  but  with 
the  pedal  ganglia. 
.  In  LynwcBue  palugtris*  for  ezam;^,  there  are  five  such 
ganglia  eitoated  doee  to  the  oerebro-pedal  ring.  The  mo0t 
anterior  of  theee,  on  each  aide,  is  nnited  -with  both  the 
oeretad  and  the  pedal  ganglion  of  its  side ;  and  appears, 
indeed,  like  an  enlargement  npon  a  second  commissure 
between  those  two  ganglia.  The  ganglia  which  constitate 
the  second  pair  are  united,  in  front,  by  a  short  commissure, 
with  the  preceding;  and,  behind,  witii  the  fifth  or  azygoe 
ganglion.  The  second  pair  of  ganglia  give  oS  the  nerves 
to  the  right  and  left  sides  of  the  mantle  respectiTely. 

In  JAmax,  and  apparently  in  the  terrestrial  Pulmonaia 
generally,  the  arrangement  is  essentially  the  same,  except 
that  all  the  ganglia  of  the  parieto-splanchnic  system  co- 
alesoe  into  one  mass ;  between  which  and  the  pedal  ganglia, 
the  aorta  passes. 

In  HcUiotistf  on  the  other  hand,  while  the  anterior  parieto- 
splanchnic  ganglia  are  situated  dose  to  the  pedal  ganglia 
and  are  connected  with  them  and  with  the  cerebral  ganglia, 
in  such  a  manner  as  to  give  rise  to  an  apparent  second 
cerebro-pedal  commissure,  the  ganglia  which  represent  the 
second  pair  in  LywmoBUs,  are  situated  at  the  base  of  the 
branchifl)  and  are  united  by  a  long  commissure  with  one 
another,  and  also  with  the  anterior  parieto-splanchnic 
ganglia.  Of  the  latter  commissures,  that  from  the  left 
branchio-pallial  ganglion  goes  to  the  right  anterior  parieto- 
splanchnic  ganglion,  and  vUe  vend. 

With  respect  to  the  position  of  the  cerebral  and  pedal 
ganglia  in  the  Odaniopkora,  the  commonest  arrangement  is 
that  in  which  the  cerebral  ganglia  are  supra-OBSophagaal, 
and  are  connected  by  two  longer  or  shorter  commissures, 
on  each  side,  with  the  pedal  and  anterior  i>arieto-splanchnic 

*  Gompaie    Lacaze>I>athien,  gADglia  of  the  nervous  Bystom 

**Du.  ■yst^me  nerveoxdes  Mol-  given    in    hie    memoir   on   the 

losqaee    gast^ropodes   polmon^i  otocyBte.  (Ibid.) 

aqnatiqae8"C^f<'^*<l®^oologie,'  f  See   Laeeie-Buthleni   '*Sar 

1872X  And  the  numeroos  figures  lesyst^enerveuz  de  Haliotlde." 
of  the  •crsngefflmit  of  the  oerebral 
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ganglia,  both  of  which  are  infra-  or  post-oosophagseaL  But 
in  many  cases  (most  Nvdibranekiata),  the  pedal  and  parieto- 
splanchnic  ganglia  are  approximated  to  the  cerebral  ganglia 
(the  latter  being  supra-cesophagseal),  and  are  united  by  long 
snb-oesophagseal  commissures.  In  others,  as  in  most  Ptero- 
poda,  the  pedal  and  parieto-splanchnic  ganglia  are  snb- 
OBsophageeal ;  while  the  cerebral  ganglia,  brought  dose  to 
them,  are  united  by  a  supra-OBsophagsBal  commissure. 

Accessory  ganglia  are  frequently  developed  in  the  region 
of  the  heart  and  branchisB,  on  the  nerves  of  the  parieto- 
splanchnic  system. 

A  complicated  system  of  visceral  nerves,  is  distributed 
over  the  whole  length  of  the  alimentaiy  canal,  the  genital 
organs,  and  various  parts  of  the  vascular  system,  in  many 
Odoniophora* 

Two  auditory  vesicles  usually  exist,  and  veiy  generally 
appear  to  be  sessile  upon  the  pedal  ganglia.  In  the 
Heteropoda,  in  many  Nudibranehiaia,  as  shown  by  Hancock, 
and  in  numerous  genera  of  Branchio-  and  Pulmo-gatieropoda, 
which  have  been  carefully  examined  by  Lacaze-DuthierB,t 
however,  there  seems  to  be  no  doubt  that  the  auditory 
nerves  arise  from  the  cerebral  ganglia,  even  though  the 
vesicles  may  be  situated  dose  to  ^e  pedal  ganglia. 

Olfactory  organs  certainly  exist  in  the  Cephalopoda  in 
the  form  of  saccular  involutions  of  the  integument  near  the 
eyes;  and  it  is  very  probable  that  the  integument  of  the 


*  See  especially  Hancock  and 
Embleton,  '*The  Anatomy  of 
Doris"  (Phil.  Trans.,*  1852). 

t  "  Otocystes  des  Mollusques/' 
('Archives  de  Zuologie  Experi- 
ment ale/  1872.)  In  the  memoir 
the  origin  of  the  acoustic  nerves 
from  the  cerebral  ganglia  is  deter- 
mined in  so  many  Pulmogattero' 
poda  (lamaxj  Arhn,  Tettaceiloj 
Clau9Uki,Zonke*y  Helix,  Suceineti. 
Phywa,  LymnauB^  Aneylus)  and 
Bnmehioffiusteropoda,  {Neritina^ 
Pidudinay  Cycioatoma,  PileoptUy 
CalyptraOy  Natiea,  NaSMOf  TVvcAiw, 


MweXf  Casndaria^  Purpura^ 
Patella,  Halwtin,  PhOme,  Aplasia, 
JLamellaria),  that  there  is  a  large 
basis  for  the  generalisation  that 
this  mode  of  origin  is  universal. 
Moreover,  according  to  Laouce- 
Duthiers,  the  same  law  holds  good 
for  the  Cephalopoda,  Such  iMing 
the  case,  the  qaestion  suggests 
itself  whether  the  connexion  of 
the  nerves  of  the  otocysta  with 
the  pedal  ganglia,  which  obtains 
universally  among  the  Lamelli- 
branchs  indicates  their  real  or 
only  their  apparent  origin. 
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tentacnla,  or  of  the  lipe,  may  subeenre  the  same  fcmction 
in  the  Gkisteropods. 

Eyes  are  generally  present,  and  are  limited  to  two,  situated 
in  the  head.  They  resemble  the  Tertebrate  eye  in  stmctnre, 
so  far  as  they  possess  a  concave  retinal  expansion  and 
usually,  in  front  of  this,  a  vitreons  hnmonr,  lens,  and  cornea. 
But  ihey  differ  from  the  eyes  of  Vertebr<Ua,  and  resemble 
those  of  other  invertebrated  animals,  in  that  the  structures 
which  answer  to  the  rods  and  cones  are  situated  on  that 

* 

face  of  the  retina  which  is  turned  towards  the  light,  while 
the  fibres  of  the  optic  nenre  traverse  the  pigment  layer  to 
reach  than. 

The  reproductive  organs  of  the  Odoniophora  present 
very  great  diversities  of  structure.  They  may  be  either 
dioecious  or  monoecious,  and  each  type  of  reproductive 
organs  may  present  various  degrees  of  complexity.  Of  the 
dioecious  reproductive  organs,  there  are  two  chief  forms; 
the  one  in  which  the  duct  of  the  ovarium  or  testis  is  con- 
tinuous with  the  gland ;  and  the  other  in  which  the  duct 
opens  into  a  sac,  into  which  the  ova  or  spermatozoa  are 
set  fi*ee  by  the  dehiscence  of  the  follicles  in  which  they 
are  developed.  The  latter  arrangement  is  met  with  in  the 
Cephalopoda ;  the  former  appears  to  prevail  among  all  the 
other  dioecious  Odontophora, 

In  these,  the  racemose  generative  gland  is  usually  situated 
close  to  the  Uver.  In  the  female,  the  oviduct  ordinarily 
presents  a  uterine  dilatation  towards  its  termination,  which 
is  generally  situated  in  the  pallial  cavity  on  the  right  side  of 
the  body.  In  some  rare  cases  {Faludina,  Neritma),  a  dila- 
tation or  a  special  vesicular  appendage  of  the  uterus  may 
serve  as  a  vesicula  teminalis ;  and,  in  Paludina,  according 
to  Leydig,  an  albumen  gland  opens  into  it. 

A  penis  is  not  always  present.  When  it  exists,  it  is  a 
muscular  process  of  the  mesosoma,  to  which  the  semen  may 
be  led  from  the  opening  of  the  vas  deferens  by  a  groove ;  or 
it  may  be  traversed  by  the  vas  deferens  which  opens  near,  or 
at,  its  apex. 

In  all  the  monoecious  Odawtophora  which  have  as  jet 
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been  thoroughly  ezattimed,  there  is  a  generofciye  ghind 
teimed  the  ovotestis,  in  which  both  spermatoBoa  and  ova 
are  produced.  Only  in  the  anomalouB  genus  Ehodope, 
(KolUker),  are  the  spermatozoa  and  ota  formed  in  distinct 
c8Bca;  in  all  the  rest,  each  csBcom  ia  hermaphrodite,  the 
spermatozoa  and  the  oya  being  usually  developed  in  dif- 
ferent parts  of  the  cecum.  The  duct  of  the  OTotestis  may 
remain  single  to  its  termination  at  the  genital  aperture ;  or 
become  only  incompletely  divided  into  two  semioanalB 
{Pieropoda,  PleurophyUidia,  UmbreUat  Aplyna) ;  or  it  may 
become,  at  first,  partially,  and  then  completely,  divided  into 
an  oviduct  and  a  vas  deferens  (Nudibranehiata,  PlemV' 
hrivnehia,  Puimonata), 

In  the  former  case,  there  is  but  one  genital  aperture.  The 
common  duct  usually  receives  the  secretion  of  a  uterine 
gland  which  may  take  the  form  of  a  special  albumen  gland, 
and  a  spermatheca  opens  into  it  near  its  outer  extremity ; 
while,  on  the  male  side,  a  vesicula  seminalis,  and  an  everaible 
penis  may  be  added. — The  penis,  however,  may  be  distant 
from  the  genital  opening,  and  then  a  groove  on  the  side  of 
the  body  leads  to  it  (Aplysia),  In  the  latter  case,  there  are 
two  genital  apertures,  one  for  the  male  and  one  for  the 
female  organs,  though  they  may  open  into  a  common  ves> 
tibule.  The  penis  is  an  eversible  involution  of  the  integu- 
ment, on  which  the  vas  deferens  opens.  A  prostate  gland 
is  usually  connected  with  the  latter,  and,  near  its  opening, 
there  may  be  a  saccular  appendage,  in  which  a  hard  pointed 
body,  the  apiculvm  amoris,  is  contained  (JDorw,  AIMfas). 
An  albumen  gland  opens  into  the  uterus,  and  a  spermatheca 
is  connected  with  the  vagina. 

Spermatophores,  by  the  aid  of  which  the  spermatozoa  are 
transferred  into  the  female  organs,  occur  in  the  CapAolo- 
j9oc2a,  and  in  the  Pulmonaia,  In  the  latter  they  are  grooved 
bands,  or  incomplete  tubes  of  hardened  mucus  secreted  by 
the  penis,  which  become  filled  with  spermatozoa  during 
copulation ;  while,  in  the  former,  they  are  dosed  oases  which 
may  have  a  very  complex  structure. 

In  the  great  m^oril^  ^of  the  OtioatopAora,  the  young 
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leaTes  the  egg  as  a  veliger  yetj  Bimilar  to  that  of  the 
LameUibranchioda,  The  yelum  nsuallj  becomeB  bilobed, 
and  sometiineB  {HeUropoda),  its  margins  are  produced  into 
xnBSVf  tentacnliform  processes;  and,  in  all  Pieropoda  and 
Bramchiogcuteropoda^  whether  the  adult  possess  a  mantle 
and  a  shell  or  not,  the  larva  is  provided  with  both,  the  shell 
"being  at  first  a  simple  conical  symmetrical  cap,  developed 
in  the  middle  line  of  the  manUe.  The  ejes  make  their 
appearance  behind  the  velum,  and  the  tentacles  in  front 
of  or  upon  it. 

While  the  course  of  the  development  of  the  embryo  in 
the  Odowtophora  presents  a  general  uniformity,  there  are 
wide  diffek'ences  in  detail. 

In  PaLudina*  the  blastomeres  produced  by  yelk  division 
are  of  equal  size.  They  arrange  themselves  into  a  vesicular 
morula,  whi<ch  undergoes  invagination  and  becomes  a  gas- 
trula  of  the  simplest  type.  The  aperture  of  invagination 
(blastopore)  becomes  the  anus,  while  the  mouth  is  formed 
by  an  involution  of  the  ectoderm  of  the  anterior  end  of  the 
body,  which  extends  towards  and  eventually  opens  into,  the 
blind  end  of  the  archenteron  or  primitive  alimentary  sac. 
A  ciliated  velum  is  developed  on  the  hsBmal  side  of  the 
mouth ;  and  a  '  shell  gland '  appears  in  the  centre  of  the 
area  which  gives  rise  to  the  mantle. 

In  lAfnvMjeu8f'\^  also,  cleavage  ends  in  the  production  of 
blastomeres  of  equal  size,  whether  with  or  without  a  tran- 
sitory stage  of  inequality,  and  the  vesicular  morula  under- 
goes invagination  to  give  rise  to  the  archenteron.  The 
blastopore  is  elongated,  and  it  appears  to  be  Hkely  that 
its  anterior  and  posterior  ends  may  coincide  with,  if  they 
do  not  give  rise  to,  the  mouth  and  anus  respectively. 

In  most  Odontophoray  the  process  of  yelk  division  goes  on 
unequally,  and  results  in  the  production  of  large  and  small 

*  Lankester,  ''On  the  coinci-  the   development    of   the   Pond 

dence   of    the    blastopore     and  Snail"    ('Quarterly  Journal  of 

anus     in     Falttdma     vt'vmam."  Microscopical  Science,'  1874),  and 

('  Quarterly   Journal  of    Micro-  C.  Kabl,  '*Die  Ontogenie  der  Suss- 

scopical  Science,'  1876.)  wasser  Pulmonaten"  ('Jen.  Zeit- 

f  Lankester, "  Observations  on  schrift,'  1875). 

2  K 
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blastomeres  (macromeree  and  micromereB).  The  latter 
form  a  layer  which  gradually  extends  oyer  the  macromeres 
and  encloses  them.  Obyioiudy  this  comes  to  the  same 
result  as  invagination ;  and  the  included  macromeres  and 
their  progeny  either  become  oonyerted  into  the  archenteron 
with  its  appendages,  and  more  or  less  of  the  mesoblast ;  or 
a  portion  of  them  may  serve  as  food  yelk. 

In  the  Pteropoda  and  Heteropoda,*  and  in  Naasa,  Naiica, 
and  Faaus,\  the  blastopore,  or  aperture  circumscribed  by 
the  edges  of  the  micromeral  layer  as  it  grows  round  the 
macromeres,  closes,  but  corresponds  in  position  to  the  in- 
yagination  of  the  ectoderm  which  gives  rise  to  the  future 
mouth ;  and  the  anus  is  a  new  formation. 

In  such  land  PtHmonata  as  lAmax,  the  process  of  yelk 
division  gives  rise  to  macromeres  and  micromeres,  and  the 
atter  enclose  the  former.  What  becomes  of  the  blastopore 
xs  not  clear,  though  I  am  inclined  to  think  that  it  corre- 
sponds in  position  with  the  mouth.  The  latter  is  seen  very 
early  as  a  funnel-shaped  invagination  of  the  epiblast 
bounded  by  lateral  lips.  Behind  it,  the  foot  grows  out  and 
rapidly  attains  a  considerable  size.  Its  posterior  extremity 
becomes  flattened  from  above  downwards,  and  converted 
into  an  orbicular  appendage,  the  opposite  walls  of  which 
are  connected  by  reticulated  muscle-cells.  This  appendage 
undergoes  rhythmical  movements  of  dilatation  and  contrac- 
tions. The  macromeres  form  a  large  mass  enclosed  within 
a  spheroidal  dilatation  of  the  greater  part  of  the  hsemal 
wall  of  the  body,  which  deserves  the  name  of  yelk-sac 
even  better  than  the  structure  so  named  in  the  Cephalopoda, 
inasmuch  as  it  more  nearly  corresponds,  morphologically, 
with  the  vitelline  sac  of  vertebrated  animals.  Between  this 
sac  and  the  foot,  the  snmll  remainder  of  the  hasmal  wall 
becomes  converted  into  the  mantle. 

The  walls  of  the  vitelline  sac  undergo  contractions  which 

*  Fol,  *' Etudes  sur  le  develop-  f  Bobretakv,   ^'Studien   iiber 

pementdet  MoUusques."  (*Arcn.  dieembryonafe  Entwickelangder 

de  Zoologie  ezperimentale/  1875,  Gastropoden*''  (*  Arohiv  f.  Mikr. 

1876.)  Aiiat/l876.) 


THB  DEYXLOPMBlffT  OF  THB  ODOVTOPHOftA.         499 

sometimes,  but  not  alwajs,  alternate  with  those  of  the  pedal 
appendage.  On  each  side  of  it  appears  the  "  primitive  kid- 
iiey,"  consisting  of  a  eorved  elongated  series  of  cells  idthin 
which  concretions  aro  developed,  and  terminating  in  a  duct 
which  opens  on  the  i>OBterio(r  face  of  the  vitelline  sac,  close 
to  the  mantle.  The  exact  mode  of  origin  of  the  alimentary 
canal  has  not  been  made  out;  bat»  in  any  case,  only  a  ^v^ery 
small  portion  of  the  endodevmal  ^eells  can  take  part  in  its 
formation,  and  the  archenl^ron  is,  at  first,  a  sac  which  nearly 
fills  the  small  projection  formed  by  the  rudimentary  mantle. 
The  oral  involution  of  the  ectoderm  gives  rise  to  the  odon- 
tophose,  and  extends  across  the  base  of  the  foot  to  open, 
eventually,  into  the  archenteron. 

The  fold  of  the  mantle  which  overhangs  the  respiratoiy 
apertuEe,  makes  its  appearance  very  early ;  and  immediately 
behind  it,  the  intestine  is  visible  as  a  short  tube,  which 
extends  from  the  archenteron  to  the  surface,  but  does  not, 
at  first,  open  there. 

As  development  proceeds,  a  movement  .of  the  macromeric 
part  of  the  vitellus  takes  place  in  exactly  the  opposite  direc- 
tion to  that  of  the  food  ^elk  of  the  Cephalopoda ;  that  is  to 
say,  from  the  vitelline  sac  into  the  constantly  euiLargi^g 
foot.  The  alimentary  canal  accompanies  it,  the  anus  alone 
remaining  in  its  primitive  position.  The  constantly 
lengthening  alimentary  canal  becomes  disposed  in  folds ; 
between  these,  the  macromeric  part  of  the  vitellus,  which 
gradually  forsaJces  the  diminishing  vitelline  sac,  disposes 
itself  around  the  coils  of  the  intestine.  Eventually,  for  the 
most  part»  it  becomes  converted  into  the  liver. 

The  rudimentary  shell  first  makes  its  appearance  in  the 
form  of  a  few  subcrystalline  calcareous  plates,  on  the  inner 
side  of  the  ectoderm.^ 

The  development  of  Selm  is  similar  to  that  of  Lima^ ; 
but  the  intestine  passes  into  the  large  visceral  sac  instead 
of  into  the  cavity  ^f  tlie  mesosoma.  The  shell  la  stated  by 
Gegenbaur  to  be  at  first  internal,  as  in  Limaa,    In  neither 

*  Compare  Gegenbaiir,  '*  Zor  Entwickelungsgecchichte  der  L«n<!^ 
GMteiopoden."    ('  Zeitsehriit  fur  ViM.  Zoologie,*  lb52.) 
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case,  has  the  relation  of  the  shell  to  the  shell-gland  been 
determined. 

The  process  of  development  appears  to  present  a  consider- 
able range  of  variation  in  the  Puhnonaia,  Semper  *  states 
of  a  species  of  Vtiginultts,  that,  after  the  process  of  cleavage, 
the  embryo  assumes  the  form  of  a  cylinder,  at  one  pole  of 
which  the  radiments  of  the  tentacola  and  of  the  Ups  appear ; 
while,  at  the  sides,  a  longitudinal  ridge  indicates  the  edge 
of  the  mantle,  and  marks  off  the  more  convex  pallial  r^on 
from  the  flat  foot.    No  shell  is  formed. 

In  Lymn€BU8,f  as  has  been  already  stated,  the  vitellns 
undergoes  complete  division,  and  the  resulting  vesicular 
morula  undergoes  invagination  to  produce  the  hypoblast. 
Only  the  middle  part  of  the  archenteron  becomes  the  ali- 
mentary canal,  however.    The  lateral  portions,  which  take 
on  the  form  of  rounded  sacs,  may  not  improbably,  as  in  the 
Braehiopods,  give  rise  to  the  perivisceral  cavity,  though 
this  has  not  been  proved.    The  mouth  is  produced  by  the 
formation  of  an  opening  in  the  coalesced  endoderm  and 
ectoderm,  at  a  point  near  the  anterior  end  of  the  body. 
Upon  each  side  of  the  mouth  a  transverse  ciliated  ridge  of 
the  ectoderm  is  developed,  and  represents  the  edge  of  the 
velum  in  other  moUuscan  embryos.    Behind  this,  and  on  the 
opposite  side  of  the  embryo  to  that  on  which  the  mouth  is 
placed,  a  raised  patch  of  the  ectoderm  represents  the  mantle. 
The  foot  commences  as  a  papilla  immediately  behind  the 
mouth.    An  involution  of  the  centre  of  the  pallial  ectodenn 
g^ves  rise  to  a  shell-gland,  but  the  proper  shell  is  developed, 
independently  of  this,  as  a  cuticular  secretion  from  the 
whole  surface  of  the  mantle. 

Thus  the  embryo  of  Lymnceus  possesses  an  incompletely 
developed  velum,  and  is,  in  all  essential  respects,  similar  to 
the  veligerous  emhryo  of  Lamellibranchs,  Pteropods,  and 
Qasteropods ;  while  the  Slugs  and  Land-snails  have  neither 

*  <  Entwickelungsgescfaichte  der  Snail,  Lymtueu* ttapnalU."  (*  Quar- 

Ampu/iaria  polita?  terly  Joximal    of  Microscopical 

t  Lankester,  "  Observationf  on  Science,'  vol.  xiv..  New  Series.) 
the   Development  of  the   Pond 
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tlie  Telnm.  (luleeB  it  be  repreaented  b;  tlie  anterior  contrac- 
tile eact  nor  the  external  embryonic  shell. 

The  deTelopment  of  the  Cephalopoda  is  Terj  onlike  that 
of  other  UoUnska,  and  will  be  d«alt  with  tuder  the  head 
of  that  gronp. 

Fig.  121. 


Bortm ;  e,  tha  Tmtriela ;  e',  an 
ovtdacti.    (After  Caviar.) 
nt.  IT.  V.  Stign  of  dsTelopment  of  CUcoh  et 
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The  lowest  forma  of  the  Odoniophora  are  the  PolypJaeo- 
phcra,  or  Chitonidm,  and  the  Seaphopoda,  or  Ztontofute. 
The  bilateral  ajnunetrj  of  the  body  is  completely  or  almost 
completely,  undiatiirbed,  while  the  luemal  wall  is  flat,  or 
nearly  bo,  and  there  is  no  visceral  sac. 
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The  POLYPLACOPHOBA.— The  Ohitons  (Fig.  121,  1.)  are 
elongated,  slaglike  animals,  having  the  month  at  one  end  of 
the  bod  J,  and  the  anus  at  the  opposite  extremity.  A  rocmded 
lobesnrmonnts  the  month,  but  it  bears  no  eyes  nor  tentaoola, 
and  there  is  no  'definite  head.    The  edges  of  the  mantle  are 
thickened,  but  little  prominent,  so  that  the  pallial  cayitj 
is  not  much  more  than  an  elongated  groove,  beneath,  and 
internal  to,  the  thickened  edge,  which  is  sometimes  beset 
with  sets.    In  the  region  in  which  these  setsB  occur,  the 
surface  of  the  mantle  is  covered  bj  a  thick  cuticula.    The 
setflB,  which  may  be  merely  chitinous  or  completely  calcified, 
or  partly  in  the  one  and  partly  in  the  other  condition,  are 
developed  in  sacs  lined  by  the  cells  of  the  ectoderm.*    In 
the  pallial  groove  lie  the  short  lamellar  processes  which  re- 
present the  branchife.    The  shell  is  unlike  that  of  any  other 
Mollusk.  It  consists  of  eight,  transversely  elongated,  symme- 
trical pieces,  arranged  one  behind  the  other,  overlapping  in 
such  a  manner  that  the  posterior  edge  of  the  one  covers  the 
anterior  edge  of  the  next,  and  articulated  together.    Some- 
times the  valves  are  partially  or  completely  enclosed  in  the 
mantle.    The  heart,  composed  of  a  single  median  ventricle 
and  two  lateral  auricles,  is  placed  in  the  middle  line,  above 
the  rectum,  at  the  posterior  end  of  the  body.    The  aorta 
is  continued  forwards  from  its  anterior  end,  while  the  auri- 
cles receive  the  blood  from  the  branchisB.    In  Chiton  piceus, 
according  to  Schiff,t  each  auricle  communicatee  by  two 
openings  with  the  ventricle,  and  the  two  auricles  are  united 
behind.     The  reproductive  organ  is  median  and  symme- 
trical, and  its  two  ducts  open  on  each  side  of,  and  not  far 
from,  the  anus. 

The  embryo  leaves  the  egg  as  an  oval  body,  surrounded 
near  its  anterior  end  by  a  circular  ciliated  band,  behind 
which  an  eye-spot  appears  on  each  side  (Fig.  121,  III.).  The 
segments  of  the  shell  appear  while  the  young  ChUon  is  still 
locomotive,  and  the  disk  in  front  of  the  ciliated  band 

**  Reineke,  "  Beitrii^e  zur  Bil-      lensohaftliche  Zooloffhe.') 
dungsgeschichte    der    Stachein,  f  *  Zeitschrift  fur  W issenchaft- 

u.  8.  w."    ('Zeitsohrift  fur  Wb-      Uehe  Zoologle,'  ISftS. 


THB  8CAPHOPODA.  ■  503 

becomes  converted  into  the  lobe  above  the  month 
(Fig.  121,  IV.  v.).  The  OhitonB  have  existed  from  the 
Silnrian  epoch  to  the  present  day,  apparently  with  very 
little  modification. 

The  ScAPHOPODA.* — ^In  Dentalium,  the  shell  is  elongated, 
conical  and  curved,  like  an  elephant's  tnsk,  with  the  apex 
broken  off,  and  it  is  open  at  both  ends.  The  animal  has 
a  large  mantle  corresponding  in  form  with  the  shell,  and 
also  open  at  both  ends,  the  margins  of  the  anterior,  larger, 
aperture  being  much  thickened.  The  month,  placed  at  the 
extremity  of  a  sort  of  cup,  the  margin  of  which  is  fringed 
with  papillflB,  is  situated  far  behind  the  anterior  opening 
of  the  mantle.  Behind  the  oral  cap,  where  the  body  joins 
the  mantle,  is  a  transverse  mnscnlar  ridge,  from  which  pro- 
ceed a  great  number  of  long  tentacles.  These  protrude 
through  the  anterior  opening  of  the  mantle,  and  play  the 
part  of  prehensile  organs.  Behind  and  below  the  oral  cup 
the  very  long  subcylindrical  foot  proceeds.  Near  its  ex- 
tremity are  two  lateral  fleshy  lobes  which  perha^  corre- 
spond with  the  epipodia  of  other  Mollusks.  The  oral  cup 
leads  into  a  buccal  chamber  containing  the  odontophore, 
whence  the  oesophagus  passes  to  the  stomach.  The  liver 
consists  of  two  symmetrically-branched  divisions ;  and  the 
intestine,  after  becoming  coiled  upon  itself,  ends  in  a  pro- 
minent anal  papilla,  in  the  median  line,  behind  the  root  6t 
the  foot.  There  is  no  heart,  but  the  blood  fills  spacious 
sinuses.  There  are  no  special  respiratory  organs  distinct 
from  the  wall  of  the  pallial  cavity.  The  two  renal  organs 
open  one  on  each  side  of  the  anus.  The  renal  blood 
sinus  communicates  directly  with  the  pallial  cavity  by 
two  apertures,  situated  close  to  those  of  the  renal  organs. 
In  the  nervoui^  system,  the  commissures  of  the  parieto- 
splanchnic  ganglia  pass  directly  to  the  cerebral  ganglia,  as 
in  the  Lamellibranchs.    The  sexes  are  distinct  and  the 

*  A  very  complete  and  acenTate  toire  de  rorganisstion,  da  deve- 

acconnt  of  the  organisation  of  loppement,  dea  moears  et  des  rsp- 

Dentalhan  la  given  m  the  mono-  porta  sooiogiques  des  Dentalea/' 

graph  of  Lacaze-Duthiera,  **  Bis-  1858. 
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genital  gland  is  single  and  symmetrical,  though  its  duct 
opens  into  the  right  renal  organ.  The  embryo  is  at  first 
surrounded  by  a  number  of  ciUated  rings,  its  anterior  end 
presenting  a  tuft  of  long  cilia.  By  degrees,  the  cilia 
become  restricted  to  the  edges  of  a  disk,  into  which  the 
anterior  end  of  the  embryo  expands,  and  which  represents 
the  pr»-oral  ciliated  velum  of  the  Lamellibranchs.  The 
mantle  now  appears  on  the  dorsal  aspect  of  the  body, 
behind  this  disk.  Its  ventral  edges  are  free,  and  it  secretes 
a  shelly  plate  of  corresponding  form.  But,  as  development 
advances,  the  edges  of  both  mantle  and  shell  imite  in  the 
median  ventral  line,  leaving  the  anterior  and  the  posterior 
ends  open. 

The  Sca^hopoda  are  an  ancient  group,  remains  of  them 
occurring  as  far  back  as  the  Devonian  Epoch. 

The  higher  'Odowhphara  (or  the  Ghuteropoda,  Pteropoda, 
and  Cephalopoda  of  Ouvier)  fall  into  two  divisions,  according 
to  the  structure  and  arrangement  of  the  parts  of  the  foot. 
In  the  one  division  (the  Gasteropoda  and  Pteropoda)  it  may 
be  a  simple  disk,  or  it  may  be  divided  into  three  portions — 
an  anterior  (the  propodium),  a  middle  (the  meeopodkm), 
and  a  posterior  (the  metapodMim) ;  and  it  may  be  still  further 
complicated  by  the  development  from  its  sides  of  muscular 
expansions — the  epipodia.  But  whatever  the  shape  of  the 
foot  in  these  Mollusks,  its  margins  are  not  produced  into 
prehensile  processes,  and  its  antero-lateral  portions  do  not 
extend  beyond  the  sides  of  the  head,  and  unite  in  front  of 
the  mouth. 

In  the  other  division  (the  Cephalopoda),  the  margins  of 
the  foot  are  produced  into  prehensile  processes  or  arms,  and 
the  antero-lateral  regions  of  the  foot  extend  over,  and 
unite  in  front  of,  the  mouth,  in  such  a  manner  that  the 
latter  is  placed  in  the  centre  of  the  discoidal  foot.* 

*  See  for  a  valuable  diBcuf>8ion  faotorily,    controverted,    Gren- 

of  the  homologies  of  the  annf  and  aoher,   "Zor    Entwickelonnge- 

the  funnel  of  the  Cephalopoda,  in  Bcbiohte     der      Cephalopoden." 

which  the  view   here   talien  if  (' Zeitsohrift  fUr  WiM.  Zooloffie,' 

ably,  though  I  do  not  think,  satia-  1874.) 
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In  the  f onner  division,  tliat  is  in  all  Fteropoda,  in  all 
those  Chsteropoda  which  breathe  the  air  dissolved  in  water 
'  Brcmchiogcuiteropoda),  and  in  some  of  those  which  breathe 
lir  directly  {Pulmogcuieropoda)  the  embryo  is,  as  in  the 
Sca^hopoda  and  PolypUtec^hora,  a  veliger ;  or,  at  any  rate, 
it  has  ciliated  bands  which  subserve  locomotion.  Bnt,  in 
the  Cephalopoda,  no  such  velum  is  formed,  and  the  animal 
acquires  the  general  characters  of  the  adult  before  leaving 
the  egg. 

A  shell-gland  is  often,  if  not  always,  present  in  the  embryo 
of  the  higher  Odontophora ;  and,  in  all  Fteropods  and  Bran- 
chiogasteropods,  the  mantle  secretes  a  cuticular  shell,  which, 
however,  may  exist  only  during  the  larval  condition. 

If  the  arrangement  of  the  alimentary  canal  in  a 
Cephalopod,  or  a  Pteropod,  be  compared  with  that  which 
obtains  in  such  a  Branchio-gasteropod  as  Atlanta,  it  will 
be  observed  that,  in  the  former,  the  OBSophagus  enters  the 
outgrowth  of  the  hsemal  legion  of  the  body  which  con- 
stitutes the  visceral  sac,  to  reach  the  stomach ;  and  that  the 
intestine  passes,  at  an  acute  angle  with  the  anterior  portion 
of  the  alimentary  canal,  along  the  posterior  face  of  the 
visceral  sac,  to  end  in  the  paUial  chamber,  which  is  situated 
on  the  posterior  face  of  the  body.  The  pedal  ganglia  con- 
sequentiy  lie  between  lines  traversing  the  anterior  and  the 
posterior  divisions  of  the  alimentary  camd  respectively ;  and 
hence  the  alimentary  canal  has  a  neural  flexure,  or  is  bent 
towards  the  neural  face  of  the  body. 

In  Atlanta,  on  the  other  hand,  the  intestine,  when  it  leaves 
the  stomach,  passes  along  the  anterior  face  of  the  visceral 
sac,  to  reach  the  pallial  cavity,  which  is  situated  on  the 
anterior  face  of  the  body.  Hence  lines  traversing  the  two 
divisions  of  the  alimentary  canal  would  enclose,  not  the 
pedal,  but  the  cerebral  ganglia.  In  other  words,  the  in- 
testine is  bent  in  the  opposite  direction  to  that  which  it 
takes  in  the  Cephalopod,  or  has  a  hcemdl  flexure,* 

The  hsemal  flexure  of  the  intestine  is  very  characteristic 

**  Uuzley  **  On  the  Morphology  of  the  Cephalous  Mollusca."  (*PhU. 
Traiu.'  1652.) 


506      THX  AKATOHT  OF  INYXBTBBBATBD  AKIMAXS. 

of  the  Branchiogcuieropoda,  and  is  completed  at  an  earlj 
stage  of  their  development. 

In  such  a  slightly  modified  Odontophoran  as  ChUon,  the 
heart  presents  its  normal  position  in  the  posterior  region 
of  the  hffimal  face  of  the  body,  and  has  its  aortic  end 
turned  forwards.  Although  the  branchisB  are  situated  at  the 
sides  of  the  body,  the  blood  which  passes  through  them 
must  take  a  backward  course  to  reach  the  heart;  and  thus 
the  branchisB  may  be  said  to  be  yirtnaUy  behind  the  heart ; 
and  the  animal  is  truly  opisihobromehiate.  It  appears  to 
be  otherwise  with  such  a  Gkwteropod  as  Buecinwn,  in 
which  the  giUs  lie  actually  in  front  of  the  heart ;  and  the 
animal  is  therefore  said  to  be  proMhrcmchiate.  It  must  be 
recollected,  however,  that  strictly  speakii^^,  no  Odonto- 
phoran is  other  than  opisthobranchiate.  The  anus  repre- 
sents the  morphological  hinder  end  of  the  body,  and  the 
auricle  of  the  heart,  into  which  the  current  of  blood  from 
the  branchiffi  passes^  is  never,  morphologically,  posterior  to 
the  branchicB. 

This  is  perfectly  obvious  in  the  C^hdlopoda,  In  the 
position  which  the  animal  frequently  assumes  and  in  which 
it  is  ordinarily  represented,  the  gills  are  in  front  of  the 
heart.  But  if  the  MoUusk  is  placed  in  its  morphologically 
correct  position  with  the  oral  face  of  the  arms  downwards, 
it  will  at  once  be  seen  that  what  is  conmionly  called  the 
ventral  face  of  the  animal  is  the  posterior  half  of  its  hsemal 
face,  and  that  the  heart  lies,  morphologically,  anterior  to 
the  branchiffi. 

In  such  Branchiogasteropods  as  are  prosobranchiate,  the 
gills  come  to  lie  in  front  of  the  heart  in  consequence  of 
their  having  followed  the  twisted  intestine  forwards  and  to 
the  hasmal  side  of  the  body. 

The  Ptbropoda.* — In  this  group  of  small  pelagic  o^wiTnalft 
there  is  no  distinct  head,  the  eyes  and  the  ordinary  tentacles 

*  See  Rang  and  Souleret,  *  His-      <  Untersuchungen  uber  die  Ptero- 
ioire   natnreile   des    MolluBques      poden  und  Ueteropoden,*  1855. 
Pteropodes ;'    and    ^Gegenbaar, 


THB  PTBBOPODA.  507 

remaining  radimentaiy.  Anditorj  sacB  are  attached  to  the 
pedal  ganglia.  Sometimes  (Pnewnodermon)  two  erersible 
spinose  tentacular  organs  are  developed  at  the  aides  of  the 
month,  and,  in  addition,  two  acetabulif erous  tentacles  taike 
their  origin  on  the  inner  side  of  a  cup-like  hood,  which 
snirounds  the  anterior  end  of  the  body.*  Cymbulia  is  stated 
to  possess  no  radula.  The  epipodia  are  large  muscular  ex- 
pansions, by  the  flapping  of  which  the  Pteropods  swim; 
but  the  rest  of  the  foot  is  always  snmll,  and  often  rudi- 
mentary, in  correspondence  with  the  small  size  of  the 
neural  face  of  the  body. 

The  hsemal  face,  on  the  contrary,  is  always  produced,  as 
in  the  CephoUopoda,  into  a  relatively  large  visceral  sac; 
and  in  some  (the  Theeosomaia)  this  visceral  sac  is  co-erten- 
sive  with  the  mantle,  which  is  protected  by  a  shelL  In 
others  {QynvnoaonuUa)  the  mantle  early  disappears,  and  there 
is  no  sheUL  In  Cymbuliaf  the  delicate  transparent  chitinous 
shell  is  internal  and  is  invested  by  an  epithdial  layer 
derived  from  the  mantle.  In  Spirialia,  the  foot  beam  an 
operculum.  Chromatophores  similar  to  those  of  the  Ce- 
phcdopoda  occur  in  Tiedemannia, 

In  the  Theeosomatat  the  free  lobe  of  the  mantle,  which 
encloses  a  spacious  pallial  cavity,  usually  lies  on  the  posterior 
aspect  of  the  visceral  sac,  as  in  the  Cephalopoda,  and  the 
rectum  terminates  in  it,  on  one  side  of  the  middle  line. 
In  these  there  is  a  simple  neural  flexure  of  the  alimentary 
canal,  as  in  the  Cephalopods,  although  the  turning  of  the 
rectum  to  one  side  destroys  the  symmetiy  of  the  body.  In 
Limaevna  and  Bpirialis,  the  intestine  appears  to  be  bent 
round  to  the  anterior  face  of  the  visceral  sac,  the  mantler 
cavity  accompanying  it,  so  that  the  opening  of  the  mantle 
is  placed  on  the  anterior,  instead  of  on  the  posterior,  face 
of  the  visceral  sac.  There  are  no  distinct  gills  in  the 
l^iecoaomaia,  but  the  lining  of  the  mantle-cavity  subserves 

*  See  for  the  somewhat  timilar  Haodonald,  "On  the  Zoological 

arrangements  in  C/»ontf,E8chricht,  characters  of  the  living  (7/t'>  cau- 

*  Anatomische     tlntersuchungen  data.*  (*  Trans.  Royal  Society  of 

uber   CUone  hortalu;   ijBftS,  and  Edinburgh,*  1863.) 
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the  fimctLon  of  respiration,  and  is  sometLmes  prodnced  into 
folds,  which  doubtless  aid  in  the  performance  of  that  func- 
tion. Processes  of  the  body,  to  which  the  office  of  gills  is 
ascribed,  are  found  in  some  Gymnosamata  {Pneumodermon 
Spongobranchia), 

The  heart  consists  of  a  single  auricle  and  a  single  ven- 
tricle. The  auricle  lies  close  to  the  paUial  cavity,  and  re- 
oeiyes  the  aerated  blood  from  its  walls.  The  yentride  is 
sometimes  directed  forwards  (as  in  all  OymnoaoftuUa),  and 
sometimes  backwards,  so  that  nearly  related  forms  are 
sometimes  opisthobranchiate,  sometimes  prosobranchiate. 
The  branches  of  the  aortic  trunk  soon  terminate  in  lacunse, 
by  which  the  blood  is  conyeyed  back  to  the  walls  of  the 
mantle-cayity.  The  renal  organ  is  a  contractile  sac  with 
delicate  walls,  which  opens  on  one  side  into  the  pallial 
chamber,  and  on  the  other  into  the  pericardial  sinus. 

The  Thecosomaia  have  the  principal  ganglia  concentrated 
around  the  gullet — the  cerebi'al  ganglia  being  lateral  and 
united  by  a  long  commissure. 

In  the  GyfMMsomata  the  ganglia  are  more  scattered,  but 
the  arrangement  of  their  neryous  system  needs  re-exami- 
nation. 

All  the  Eteropoda  are  provided  with  an  ovotesUs.  This  is 
a  racemose  gland,  in  the  ultimate  csBca  of  which  both  ova 
and  spermatozoa  are  developed.  The  spermatozoa  make 
their  appearance  at  the  closed  end  of  the  csecum  and  accumu- 
late in  its  cavity ;  the  ova  are  developed  from  the  epithelial 
tissue  of  the  ceecum,  somewhat  lower  down;  nevertheless 
fecundation  does  not  take  place  in  the  ovotestis,  probably 
in  consequence  of  the  ova  and  spermatozoa  attaining 
maturity  at  different  times.  The  ovotestis  has  a  single 
excretory  duct,  the  termination  of  which  may  be  provided 
with  a  receptactdwm  seminis  and  connected  with  a  penis. 

The  young  of  the  Pteropoda  leave  the  egg  provided  with 
a  velum,  with  a  rudimentary  shell,  and  probably  with  an 
operculum.  In  most  of  the  Thecoaomata,  the  shell  is  re- 
tained and  forms  the  commencement  of  that  of  the  adult, 
while  the  vela  disappear  and  the  epipodia  are  developed. 
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In  CymbuUa,  the  primaiy  external  shell  is  shed  and  the 
chitinoiis  intenial  shell  is  a  seoondarj  development.  In 
the  Gymnosomataf  the  primary  shell  is  also  cast  off,  but 
is  not  replaced,  and  three  girdles  of  cilia  are  developed  on 
the  surface  of  the  body.* 

The  Silurian  genera  TentcuyidUes,  Theea,  Pterolheea,  CanU' 
laria,  Ecculiamphalus  are  referred  to  the  Pteropoda,  but 
they  differ  much  from  aU  existing  forms.  Unquestionable 
Pieropoda  are  not  known  earliei'  than  the  tertiary  formations. 

The  BsANGHiOGASTBBOPODA. — In  aU  the  members  of 
this  group,  the  development  of  which  has  hitherto  been 
studied,  the  intestine  becomes  twisted  round  on  to  the 
anterior  face  of  the  body,  in  such  a  manner  that  the 
alimentary  canal  has  a  completely  hsmal  flexure,  even  in 
the  veligerous  embryo.  Hence,  in  the  adult,  the  intestine 
springs  from  the  hsemal  or  dorsal,  and  not  from  the  ventral 
or  neural,  aspect  of  the  stomach ;  and  the  paUial  cavity, 
when  it  exists,  is  placed  upon  the  anterior  hsemal  face  of 
the  body. 

In  the  embryo,  the  shell  always  makes  its  appearance  aa 
a  conical,  symmetrical,  median  cap.  This  embryonic  shell 
usually  persists  at  the  apex  of  that  of  the  adult,  the  form 
of  which  is  modeUed  upon  that  of  the  visceral  sac,  and 
hence,  like  the  latter,  is  usually  spiral.  The  embryo  is 
also  very  generally,  if  not  universally,  provided  with  an 
operculum. 

The  shell  and  operculum  of  the  embryo  disappear  in  the 
naked  Branchiogasteropods ;  but  the  primitive  external 
shell  is  sometimes  replaced  by  an  internal  shell  lodged  in  a 
cavity  of  the  mantle  {e.g,  Aplysia).  Usually,  the  Branchio- 
gasterox>ods  possess  a  distinct  head  provided  with  a  pair  of 
tentacles  and  with  two  eyes,  which  may  either  be  sessile  or 
mounted  upon  peduncles  of  their  own. 

*  Gegenbaur,  /.  c.  j  KrohD,  Ileteropoden,"  1860;  and  Fol, 
"  Beitrage  sur  Entwickelangs-  '*  Etudes."  0  Archives  de  Zool. 
getchicbte  der  Pteropoden  und      Ezperimentale/  1875  and  1876.) 
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Tke  montlL  may  be  armed  with  cbitmons  jaw-platoe,  in 
addition  to  the  radula.  The  heart  is  generally  oo^sxpoeed 
of  a  ventricle  and  a  single  auricle,  but  sometimea  there 
are  two  auricles. 

The  Braiichiogcuieropoda  fall  into  two  distinct  series,  of 
which  the  one  is  hermaphrodite  (the  genital  gland  being 
an  ovotestis)  and  invariably  opisthobranchiate ;  while  the 
other  is  unisexual  and  usually  prosobranchiate.  In  each 
series,  there  are  some  forms  which  are  provided  with  a  large 
mantle;  and  others,  in  which  the  mantle  is  altogether 
abortive  {Nudibranchiata,  Firola).  These  ehlamydaie  and 
aehlamydate  Branchiogasteropods  correspond  with  the 
ThecasofiuUa  and  Qynmoeonuiia  among  the  Pteropods. 

The  chlamydate  Branchiogasteropods  are  usually  pro- 
vided with  branchiae,  which  either  take  the  form  of 
numerous  lamellsQ,  or  of  two  plume-like  orgsns,  sometimes 
reduced  to  one  functional  gill  and  a  rudiment  of  the 
second.  In  the  achlamydate  forms,  true  gills  are  usually 
absent,  though  they  may  be  replaced  functionally  by 
processes  of  the  hsemal  body- wall. 

Among  the  Opidhahrcmchiataf  PhyUidia  is  nearly  symme- 
trical, the  anus  being  situated  at  the  posterior  end  of  the 
body,  and  there  is  a  large  mantle,  devoid  of  a  shell.  There 
is  no  pallial  cavity,  and  the  branchisB  are  numerous  lamelke, 
placed  on  each  side  of  the  body,  between  the  free  edge  of 
the  mantle  and  the  foot.  In  Aplysia,  the  mantle  is  rela- 
tively small,  and  possesses  an  internal  shell ;  the  branchise, 
the  anus,  and  the  reproductive  apertures  are  placed  on 
the  right  side  of  the  body.  In  this  genus,  and  in  (?a«fero- 
pieron,  there  are  very  large  epipodial  lobes,  by  the  aid  of 
which  some  species  propel  themselves  like  Fteropods. 

The  Nudibranchiaia  have  no  mantle,  and  the  anus  is 
usually  situated  on  the  right  side  of  the  body ;  sometimes, 
however,  as  in  Doris,  it  is  terminal.  In  the  pelagic  Phylli- 
rhoe,  the  foot  aborts,  as  well  as  the  mantle,  and  the  body 
has  the  form  of  an  elongated  sac. 

The  gastric  portion  of  the  alimentary  canal  becomes 


THB  PB080BBANCKIATA.  511 

complicated  by  divisioii  intoseTeral  portions,  some  of  which 
are  provided  with  chitinous  or  calcareous  plates,  or  teeth, 
in  Aplysia,  BiiUa,  and  other  genera.  In  many  Nudibranchs, 
as  Eolis,  the  liver  is  represented  by  a  mnch-branched  tubular 
organ,  the  ceecal  ultimate  ramifications  of  which  end  in  the 
elongated  dorsal  papilke.  The  apices  of  these  papillsB 
contain  thread  cells. 

In  the  series  of  the  Prosohranehiaiay  the  great  majority 
are  not  only  chlamydate,  but  there  is  a  spacious  branchial 
chamber,  and  the  pallial  wall  of  the  body  \a  produced  into  a 
conical  visceral  sac,  which  contains  the  stomach,  Hver,  and 
genital  organs.  It  is  usually  asymmetrically  coiled,  and  is 
protected  by  the  shell.  No  Opisthobranch  possesses  a 
large  visceral  sac  of  this  kind.  On  the  other  hand,  no 
Prosobranch  is,  like  Phyllidia,  symmetrical,  with  the  anus 
at  the  posterior  end  of  the  body.  PateUa  and  FiawreiUa 
are  nearly  symmetrical,  but  the  anus  is  anterior. 

The  ProsobnmehicUa  have,  at  most,  rudiments  of  epipodia, 
but  the  rest  of  the  foot  often  acquires  a  much  greater 
development  than  in  the  Opiathobranchiata,  and  a  chitinous 
or  sheUy  plate — the  operctdum — is  frequently  developed 
from  the  dorsal  or  hsemal  aspect  of  the  metapodium.  The 
difiEerentiation  of  the  foot  attains  its  highest  degree  in  the 
so-called  Seieropoda,  iu  which  the  propodium,  mesopodium, 
and  metapodium  differ  widely  in  form, — ^the  propodium 
being  broad  and  fin-like,  and  constituting  the  chief  organ 
of  locomotion  in  these  free-swimming  oceanic  animals. 

In  the  Limpets  {PideUidoB),  the  visceral  sac  forms  merely 
a  conical  projection  of  the  hsemal  surface,  and  the  nimierous 
lamellar,  or  filamentous,  respiratory  organs,  are  lodged 
between  the  free  edges  of  the  mantle  and  the  sides  of  the 
body.  In  the  other  chlamydate  Prosohra/nchicUa,  except  the 
CyclogtoTnatat  there,  are  two  plumose  giUds  lodged  in  a  pallial 
chamber  situated  on  the  anterior  face  of  the  visceral  mass, 
which  is  usually  large  and  spirally  coiled.    Sometimes,  as 
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in  the  division  of  the  A^pidohra/nehia,  the  two  branchis  are 
eqnal  or  nearly  equal  in  size.  Sometknes  one  is  so  nrnch 
smaller  than  the  other  as  to  be  nearly  abortive  {CienO' 
hranchia).  Ampullaria  has  a  pulmonary  cavity  as  well  as 
gills.  On  the  other  hand,  the  Cyehstomata  have  no 
branchiffi,  but  breathe  air  by  means  of  the  parietes  of  tlie 
pallial  chamber,  whence  they  are  ordinarily  reckoned 
among  the  Pulm(mata,  which  they  resemble  in  their 
terrestrial  habits.  In  many  Prosahranchiata,  the  wall  of 
the  branchial  chamber  is  produced  into  a  muscular  spout- 
like prolongation*  termed  the  nphon,  which  serves  to  direct 
the  branchial  cunrent..  The  presence  of  this  siphon  is 
usually  accompanied  by  a  notch  or  grooved  procees  of 
the  shell,  and  by  carnivorous  habits. 

In  the  Heteropoda,  there  is  a  gradual  reduction  of  the 
mantle,  from  Atlanta,  in  which  the  mantle  and  shell  have  the 
ordinary  proportions,  and  the  departure  from  the  ordinary 
Gasteropod  type  is  but  little  greater  than  that  observed  in 
Strombus  and  PteroceraSf  through  Carinaria,  in  which .  the 
mantle  is  much  reduced,  and  the  shell  is  a  mere  conical 
cap,  to  Firola,  in  which  the  mantle  and  shell  are  wanting 
in  the  adult,  and  which,  therefore,  correspond  with  the 
achlamydate  Pteropoda  and  Opiathobranehiaia. 

In  many  genera  of  the  Ctenohranehia,  and  especially 
among  the  carnivorous  forms,  the  mouth  is  situated  at  the 
end  of  a  long  proboscis,  which  contains  the  odontophore, 
and  a  great  part  of  the  long  oesophagus.  This  proboscis 
is  protruded  and  retracted  by  special  muscles.* 

The  eggs  are  often  laid  in  capsules  secreted  by  the  walls 
of  the  oviduct.  In  Neritvna,  Purpwra,  and  Bwxvawn,  each 
capsule  contains  a  considerable  number  of  ova,  but  of  these 
only  a  few  (one  in  NerUina)  become  embryos,  and  devour 
the  rest.t 

*  See   the  description  of  the  na  littoralis  Nonregiie,*  il.  1856), 

proboBcisoftheWhelkinCuvier'ii  and  Carpenter  **Onthe  develop- 

*■  Memoires  sur  lee  Mollusques.'  ment  or  the  embryo  of  Purpura 

t    Koren     and     Daniellssen,  l<q>Ulu8 "  (Trans.  Micr.   Society, 

'*  Kecherches  sur   le  ddyeloppe-  1854,  and  *  Annals  of  Nat.  Bist.,' 

ment  des  Pectinibranches  '*  (*Fau-  1 857).  ClaparMe,  **Anatomie  und 
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The  parasitic  habit  which  is  so  rare  among  the  Mollusea 
oc3urB  in  the  genns  Siylifer,  which  infests  Star-fishes  and 
Sea-urchins,  sometimes  imbedding  itself  in  the  perisoma ; 
and,  under  averj  remarkable  and  not  ^et  thoroughly  xmder- 
stood  form,  in  the  singular  parasite  of  another  £chinoderm, 
Synapia  digiiaia,  termed  by  its  discoverer,  Mtdler,  I^nto- 
concha  mirahUis* 

In  some  few  of  the  SynapicB  (not  more  than  one,  or 
perhaps  two,  in  a  hundred),  elongated  tubular  molltuhigerous 
sacs  are  found  attached  by  one  extremity  to  one  of  the 
intestinal  yessels;  while  the  opposite  end  either  hangs 
freely  into  the  perivisceral  cavity,  or  may  be  entangled 
among  the  bases  of  the  tentacles,  at  the  cephalic  extremity 
of  the  body  of  the  Synapta.  The  sac  is  closed,  but,  at  its 
attached  end,  a  long  invagination  extends  into  its  interior. 
The  cavity  of  the  sac  beyond  the  closed  extremity  of  the 
invagination  contains  an  ovary ;  and,  beyond  this,  a  certain 
number  of  free  seminal  capsules.  The  ova  are  detached  from 
the  ovary,  and  xmdergo  their  development  in  envelopes, 
each  containing  many  ova,  which  gradually  fill  the  cavity 
of  the  molluskigerous  sac.  From  these  ova,  embryos,  pro- 
vided with  a  velum,  shell,  and  operculum  proceed.  A  large 
pallial  cavity  is  soon  apparent ;  but,  in  the  most  advanced 
stages  of  development  observed,  it  contained  no  bran- 
chise. 

What  becomes  of  these  larv»  is  unknown,  nor  is  it  even 
certain  to  what  group  of  the  Odontophora,  Entoconeha 
belongs. 

The  PuLMONATA.. — These  are  odontophorous  Mollusks 
which  breathe  air  directly,  by  means  of  a  respiratory 
surface  furnished  by  the  wall  of  the  pallial  cavity. 

In  some,  such  as  the  PeroniacUt  (Fig.  123)  and  Veroni- 
cellioUe,  the  body  of  the  slug-like  animal  is  very  nearly 


Fntwickelungsgeschichte        der  ken  in  Holothnrien,'  1852.    Baar, 

J^erUinafluviatUit:'  (*Archiv  fiir  "  Ueber        Syw9>ta        digUatar 

Anatomie,M857.)  (*JNova  Acta,'  xxxi.  18b4.) 
*  *  Die  Erzeugung  Ton  Schneo- 

2  L 
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symmetrical;  tlie  anoB  and  the  lung-Baxs  being  situated 
close  together  at  the  posterior  extremity  of  the  body.  The 
mantle  is  large,  and  extends  over  the  whole  hsBmal  or 
dorsal  surface.  In  all  the  other  Pulmonata,  the  pubnonarr 
and  the  anal  aperttores  lie  on  the  right  side  of  the  body, 
and  the  mantle  is  provided  with  at  least  the  rudiments  of 
a  shell.  The  pallial  region  is  sometimes  very  small  in  pro- 
portion to  the  rest  of  the  body,  and  then  forms  a  flattened 
disk,  as  in  the  common  Slug ;  while,  in  some  Limacidcp  and 
TestacelUdoe,  and  in  the  JaneUidcR,  the  mantle  is  so  much  re- 
duced that  they  are  almost  achlamydate.  In  the  Snails,  the 
mantle  is  large  and  is  produced  into  an  asymmetrically 
coiled  visceral  sac,  in  which  the  stomach,  liver,  and  genital 
gland  lie.  The  mantle-cavity  lies  on  the  fore  part  of  the 
sac,  and  the  anus  ox>ens  on  its  margin.  Thus,  in  all  the 
ordinary  Pvlmonata,  the  termination  of  the  intestine  is 
twisted  from  its  normal  position  at  the  hinder  end,  forwards 
to  the  right  dorsal,  or  haemal,  aspect  of  the  body. 

When  the  pulmonary  sac  is  posterior,  and  the  pallial  re- 
gion small,  the  ventricle  of  the  heart  is  anterior,  and  the 
auricle  posterior,  and  the  animal  may  be  said  to  be  opistho- 
ptdmoTuUe,  On  the  other  hand,  when  the  pallial  region  is 
large,  and  gives  rise  to  a  visceral  sac,  with  the  concomitant 
forward  position  of  the  pulmonary  chamber,  the  auricle  is 
inclined  more  or  less  forwards  and  to  the  right  side,  and 
the  apex  of  the  ventricle  backwards  and  to  the  left  side. 
The  animal  is  thus  more  or  less  prosopulmonaie. 

The  mouth  is  commonly  provided  with  a  homy  upper 
jaw,  as  well  as  with  a  well-developed  odontophore.  Lai-ge 
salivary  glands  are  usually  present. 

The  heart  consists  of  a  single  auricle  and  a  single  ven- 
tricle. The  aortic  trunk,  which  proceeds  from  the  apex 
of  the  latter,  divides  into  many  branches,  but  the  venous 
channels  are  altogether  lacunar.  A  renal  organ  lies  close 
to  the  pulmonary  sac  in  the  course  of  the  current  of  the 
returning  blood. 

There  are  usually  two  simple  eyes,  often  lodged  in  the 
summits  of  retractile  tentacula. 


THB  PTOMONATA. 


The  Fuimonaitt  are  hermaplirodite.    The  generative  gland 
Fig.  122. 


Fir.  I2J. — Dlkgnin  axbibitlng  tba  diiporitiOD  of  tbe  intoitine,  oervoas 
system,  etc,  In  k  common  Snail  (Helix).— a,  mouth;  b-  tooth;  c, 
■xlDntopbore ;  d,  niUet;  t.  111  dilnlatlon  into  ■  (art  of  crop;/, 
■lomach;  g,  coiled  teimlnXian  of  the  viaceikl  mttt;  the  latter  la 
■lao  clove  to  the  commenaement  of  the  Inteitlue,  which  will  be  aeen 
to  Ub  on  the  neunl  li je  of  the  ceioptuEui ;  A,  reatum  ;  i,  uiiu ;  i, 
renal  mc;  I,  heuti  m,  lung,  or  modiflpd  piJIlkl  cbunber;  n,  Ita 
external  apsrlure;  o,  thick  edge  of  the  mantle  untied  irlth  the 
sldeeof  the  body;  p,  fooi ;  r,t,oerebr«l,  pedal,  and  parieto-iplaoohalc 
ganglia  aggregated  round  the  gulleL 
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the  cellular  contents  of  which  both  ova  and  spermatozoa 
are  developed  (Fig.  123,  III.). 

A  narrow  common  duct  leads  from  the  ovotestis,  and. 
soon  dilating,  receives  the  viscid  secretion  of  a  large 
albumen  gland.  The  much  wider  portion  of  the  common 
duct  bejond  the  attachment  of  this  gland  is  incompletelj 
divided  by  longitudinal  infoldings  into  a  sacculated,  wider, 
and  a  straight,  nairower,  division.  The  former  convejB  the 
ova,  and  the  latter  the  spermatozoa.  At  the  end  of  this 
part  of  the  apparatus,  the  wider  portion,  which  represents 
the  oviduct,  passes  into  the  vagina,  which  opens  at  the 
female  genital  aperture,  while  the  narrower  portion  of  the 
common  duct  is  continued  into  a  separate,  narrow,  Tas  de- 
ferens, the  end  of  which  opens  into  a  long  invagination  of 
the  integument — the  penis.  In  Peronia,  the  vas  deferens 
and  the  oviduct  open  together  b j  the  genital  aperture,  and, 
as  in  some  Biunchiogasteropods,  a  groove,  along  which  the 
seminal  fluid  is  conducted,  leads  to  the  outer  opening  of  the 
eversible  penis  (Fig.  123, 1.  II.). 

In  connexion  with  the  female  genital  aperture,  there 
is  always  a  spermatheca,  or  sac  (which  is  sessile  in  the 
Slugs,  but  in  the  Snails  is  placed  at  the  extremity  of  a  long 
duct)  for  the  reception  of  the  semen  of  the  other  individual 
when  copulation  takes  place. 

The  HelicidcB  alone  possess,  in  addition,  the  so-called  sac 
of  the  darty  a  short  muscular  bag,  in  which  pointed  chiti- 
nous  or  calcified  bodies— the  spicula  amoris — are  formed; 
and  certain  glandular  caeca,  generally  arranged  in  two 
digitate  bundles,  termed  mucous  glands,  which  give  rise  to  a 
milky  secretion.  Sometimes,  prostatic  glands  are  developed 
on  the  vas  defei*ens,  which  may  be  dilated  in  part  of  its 
course  into  a  vesicula  seminalis. 

The  ova  are  impregnated  high  up  in  the  oviduct,  and  are 
invested  by  a  relatively  very  lai*ge  mass  of  albumen  and 
enclosed  within  a  thick,  sometimes  calcified  chorion.  The 
mass  enclosed  by  the  latter  may  be  a  tenth  of  an  inch  or 
more  in  diameter,  while  the  proper  ovum  may  have  not  more 
than  a  twelfth  of  that  size. 
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There  is  no  trnstworthy  evidence  of  the  existence  of  the 
opiathobranchiate  Oasteropods  before  the  epoch  of  the  Trias, 
bat  it  is  to  be  remembered  that  the  ^reat  m^oritj  of  these 
fl.nimnia  have  DO  shells.  Of  the  rest  of  the  preceding  groupa 
of  Odtmlopkora,  repreeentatirea  are  known  as  for  back  as 
tke  middle  of  the  Paleozoic  epoch,  -while  Pteropoda,  Hetero- 


Fig.  m. 


tlaia.—a,  iiaat;  pi,  pulmanur  ipfiture; 
y,  BDuii»i  B^ikiuc^^fl,  »c4Ainftl  groove;  p,  opemagfbr  the  penlj. 
II.  Genentlreontuuof  the  tains  uunuU,  th«  ovotntii  being  omitted. 
',  gUnd  wblcb  fumiihn  a  glali?  Becrelion ;  od^  oviduct ;  rd,  vea 
"     "       ,  rttcaptacolum  eeminis         


?"'>  gi 
delere 


due;  ■■ 
III.  Blind 
ipex  the  apci 

tba  fully  formed  tpermatoio*  floatlDg  In  bundlei  In  the  cavlly  <]..._ 
foUlcle.    Lower  down,  ova  are  developing  In  the  w«IU  of  th*  follicle. 


muacle  or  the  penis.    (After!   . 

loa  are  aeen  In  different  itagee  of  development, 
fally  formed  tpennatoio*  floating  In  bundlea  In  tlie  cavity  of  the 


(After  Kefentain  and  Ehlen.) 

poda,  and  ProgobTcmehiata  occur  in  the  Silnrian  f oTmationB. 
Among  the  Fro»obranehiaia,  the  Fatellida  and  the  Agpido- 
braachia  are  the  oharaoteriatiQ  forma  of  the  older  f  onnations. 
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the  Clenobranehia  appearing  later,  and  acquiring  their 
present  relative  abondance  only  in  the  later  secondary,  and 
the  tertiary  epochs. 

The  Cephalopoda. — The  bilateral  Bymmetry  which  is 
so  obvioue  in  the  Polyplacophora  and  the  Scaphopoda  is  bin 


little  dietnrbed  in  this  groap  of  the  Odontophora.  The 
mouth  and  the  anna  are  eituated  in  the  median  plane,  which 
divides  the  bodj  into  corresponding'  halves ;  while  the 
branchin,  two  or  fonr  in  number,  are  disposed  Bymmetrically 
on  each  side  of  this  plane,  as  are  the  brachial  prolongations 
of  the  margins  of  the  foot.    The  btemal  face  of  the  body, 


THB  CEPHALOPODA.  519 

however,  is  not  fiat,  as  in  tbemollnskB  which  have  just  been 
mentioned,  but  is  elongated  perpendicularly  to  the  neura 
face,  so  as  to  form  a  sort  of  sac,  invested  bj  the  mantle.    On 
the  posterior,  or  anal,  face  of  the  sac,  the  mantle  enclose 
a   large  pallial  cavity,  in  which  the  branchisB  are  pro- 
tected.   On  the  anterior  aspect  of  the  sac,  on  the  contrary 
the  mantle  may  have  no  free  edge,  or,  at  most,  forms  a 
comparatively  small  flap.* 

The  integument  is  provided  with  ehromatophores,  which 
are  sacs  with  elastic  walls,  full  of  pigment,  and  provided 
with  radiating  muscles,  by  which  they  may  be  drawn  out 
to  a  size  many  times  greater  than  that  which  they  possess 
in  their  contracted  state.  In  their  dilated  condition,  the 
colour  proper  to  the  contained  pigment  becomes  plainly 
visible,  whHe  in  their  contracted  state  they  appear  as  mere 
dark  specks.  It  is  to  the  successive  expansion  and  con- 
traction of  these  ehromatophores  that  the  Cephalopoda 
owe  the  peculiar  play  of  "  shot "  colours,  which  pass  like 
blushes  over  their  surface  in  the  living  state.  These 
blushes  of  colour  are  especially  well  displayed  by  young 
Cephalopods  just  freed  from  the  egg. 

But  that  which  particularly  distinguishes  the  Cephalo- 
pods, is  the  form  and  disposition  of  the  foot.  The  margins 
of  this  organ  are,  in  fact,  produced  into  eight  or  more 
processes  termed  arms,  or  hrachia ;  and  its  antero-lateral 
portions  have  grown  over  and  united  in  front  of  the 
mouth,  which  thus  comes,  apparently,  to  be  placed  in  the 
centre  of  the  pedal  disk.  Moreover,  two  muscular  lobes 
which  correspond  with  the  epipodia  of  the  Pteropods  and 
Branchiogasteropods,  developed  from  the  sides  of  the  foot, 
unite  posteriorly,  and,  folding  over,  give  rise  to  a  more  or 
less  completely  tubular  organ — the  funnel,  or  infundibulum. 
The  open  end  of  the  funnel  projects  between  the  posterior 
face  of  the  body  and  the  pallial  wall  of  the  branchial 
cavity,  and  serves  to  conduct  the  water,  when  it  is  driven 

*  Cephalopoda  are  usually  de-  her  is  placed  ventral— a  method 

scribed  as  if  the  oral  end  of  the  which  seriously  interferes  with 

body  were  the  upper  end,  and  the  the  comprehension  of  their  rela- 

face  on  which  the  pallial  cham-  lions  with  other  AloUusks. 
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ont  of  the  latter  bj  the  contraction  of  the  mantle   in 

Fig.  ISi. 


Fig.  19:.-Di>ftraiiiDia(ic  section  of  ■  female  S^!a.-a.  Bucc»l  miM 
lurrounded  by  the  lips,  and  ihowlng  ihe  horny  J«wa  and  tOD«iic ;  ft, 
ciophigui;  c.  »BliT«ry  gl»nd;  d,  ■lomiwli:  (.pyloric  csecum  i  a, 
thoint^tine;  i,theinu(;  i,  the  ink-b.g:  *,  Ihe  pUceof  CheijtteniC 
heurt ;  /,  the  liver ;  ».  the  hepatic  duct  o^  (he  leflilde ;  o,  th«  ov.ry  ; 
p,  the  OTidnoC  i  q,  one  of  the  »iwrlure»  bv  which  the  wBler-chuabcra 


»  by  which  the  wi 


of  llie  btao- 


■rc  jjiBUBQ  ID  oommunicitlon  With  the  exterior-  r  hud  ui  u™  ui.™- 
thie;  ,,  the  piinclpa]  ginglia  ■^rsintod  round  the  tetophogua ;  f, 
the  funnel;  ni,  the  mantle  :  rt,  the  inlenial  iheii,  or  cuttle-bone.  1, 
f<  3,  4,  a,  Che  produced  uid  oiodified  mtrEln*  of  the  foot.  CDUtiCut- 
■ng  the  w-caired  arm*  of  the  £^ia. 

OTdinftry  expiration ;  and  when  the  animal  8wim«,  the  Btream 
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forcibly  driyen  out  in  this  way  causes  it  to  dart  swiftly 
backwards. 

The  aperture  of  the  mouth  (Fig.  125,  a)  is  provided  with  a 
hard  chitinous  beak,  like  that  of  a  parrot,  the  two  divisions 
of  which  are  anterior  and  posterior.  Of  these,  the  anterior 
is  always  the  shorter,  and  is  overlapped  by  the  other. 

Within  the  cavity  of  the  mouth  is  an  odontophore,  with 
its  radula  (Fig.  126, 11.) ;  and  the  long  gullet  passes  back 
on  the  middle  line  to  open  into  the  stomach,  which  is 
situated  towards  the  middle,  or  the  end,  of  the  mantle-sac. 
From  the  stomach,  the  intestine,  more  or  less  bent  upon 
itself,  passes  towards  the  neural  aspect  of  the  body,  and 
ends  in  the  median  anus.  Hence  the  alimentary  canal 
has  a  well-marked  neural  flexure  (Fig.  125). 

Except  in  NatUUvs,  one  or  two  pairs  of  ealivaty  glands 
are  present  (Fig.  126,  L  s').  The  liver  (Fig.  126,  1.  h)  is 
always  large;  and  there  are  two  hepatic  ducts  (Fig.  126, 
I.  cUi)y  beset  for  a  greater  or  less  extent  with  glandular 
follicles,  generaUy  considered  to  be  pancreatic  in  function. 
Yery  often  a  large,  sometimes  spirally  wound,  c»cum  is 
developed  from  the  commencement  of  the  intestine;  into 
this  the  hepatic  ducts  open. 

The  heart  (Fig.  127,  c)  is  placed  upon  the  posterior  face  of 
the  body  on  the  haemal  side  of  the  intestine,  and  receives 
the  blood  by  biuuchio-cardiac  vessels,  which  correspond  in 
number  with  the  giUs ;  and,  as  they  are  contractile,  might 
be  regarded  as  auricles.  The  gills  themselves  have  no  cilia, 
and  are,  in  some  cases,  if  not  always,  contractile.  The 
arteries  end  in  an  extensively  developed  capillary  system, 
but  the  venous  channels  retain  to  a  greater  or  less 
extent  the  character  of  sinuses.*  The  venous  blood,  on 
its  way  back  to  the  heart,  is  gathered  into  a  large 
longitudinal  sinus  —  the  vena  cava — which  lies  on  the 
posterior  face  of  the  body,  close  to  the  anterior  wall  of 
the  branchial  chamber,  and  divides  into  as  many  afferent 

*  Milne-EdwArds, '  Beeherches      et  experiences  sor  la  Circulatioa 
Anatomiques    et      2Soologiqae8.      ohes  lee  MoUusques/  1845. 
Premise  partie.'    *  Obeervations 
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brancliial  vessels  as  there  are  gills.  Each  of  these  vessels 
traverses  a  chamber  which  communicates  directly  with  the 
mantle-cavity,  and  the  wall  of  the  vessel  which  comes  into 
contact  with  the  water  in  this  chamber  is  saccalated  and 
glandular  *  (Fig.  127,  re).  Each  chamber,  in  fact,  represents 
a  renal  organ.  The  pericardium,  and  the  sacs  in  which  the 
testes  and  ovaria  are  lodged,  may  communicate  with  the 
pallial  cavity  either  directly  or  through  these  chambers. 
Thus  in  Sepia  officinalis^  Krohnf  observed  that  the  renal 
chambers  communicate  not  only  with  the  cavities  in  which 
the  branchial  hearts  are  lodged,  but  with  a  chamber  which 
contains  the  stomach  and  the  spiral  pyloric  appendages  ; 
and  that  all  these  cavities  are  distended  when  air  is  blown 
into  one  renal  chamber.  In  Eledone,  on  the  contrary,  he 
found,  and  I  have  repeated  the  observation,  that  one  renal 
chamber  can  be  fully  distended  without  the  air  passing 
into  the  other. 

In  Nautilus  pompiUus,  there  are,  as  Yalenciennes  dis- 
covered, three  pairs  of  openings,  which  lead  from  the 
branchial  sac  into  chambers  contained  in  the  interior  of 
the  body.  Of  these  chambers  there  are  five ;  the  anterior 
and  posterior  pairs  are  situated  on  each  side  of  the  rectum, 
and  each  has  its  own  ox>ening ;  the  fifth,  a  very  much  larger 


*  On  account  of  the  trans- 
parency of  the  tissues  In  the 
living  LoUpo  media,  this  species 
affords  an  easy  opportunity  of 
observing  the  rhythmical  con- 
tractions of  the  DranchisR  and 
their  afferent  and  efferent  vessels. 
For  this  purpose  the  mantle 
should  be  laid  open,  and  the  nidi- 
mental  glands  carefully  removed. 
The  sacculated  afferent  veins  and 
the  branchial  hearts  contract 
about  sixty  times  a  minute. 
The  pulsations  of  these  veins 
and  of  the  branchial  hearts  are 
not  synchronous,  llie  branchial 
veins  and  the  laroellie  of  the 
branchiae  also  contract  rhythmi- 
cally, but  1  could  observe  no  con- 
traction in  the  branchial  arteries. 


The  portion  of  the  branchial  vein 
which  lies  between  the  base  of 
the  gill  and  the  systemic  ventricle 
is  very  short,  and  it  is  hard  to 
say  whether  it  contracts  inde- 
pendently or  not.  Mechanical 
irritation  causes  contraction  both 
ot  the  afferent  branchial  veins 
and  of  the  branchial  hearts. 

In  the  living  Eiedone  eirHumu, 
I  have  observed  regular  rhythmi- 
cal contractions  of  the  vena  cava 
itself  as  well  as  of  its  divisions, 
the  sacculated  afferent  branchial 
reins,  of  the  branchial  hearts  and 
of  the  branchiocardiac  vessels. 

t  "Ueber  die  wasaerfuhrende 
System  einiger  Cephalopoden." 
(*  Archiv  fiir  Anatomic/  1839.) 
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chamber,  has  tno  openings,  one  on  each  side.     It  is  co- 
extenaiTe  with  that  port  of  the  mantle  which  lies  behind 


Fig.  136 — Sepii  oJieinalU.—l.  The  alimentuy  unst  with  the  ink  bkg; 
mi,  buccal  mui  j  gb.  Inferior  buccal  ganglion ;  f*,  poileriar  ulivary 
gland*;  a,  iMnphagai;  k,  liver;  dh,  hep*de  duct;  r,  atomach;  e', 
pytarie  eeecum  ;  i,inieatlne;  a,BDUi;  Hinkbag;  y^,  iplaachnlc 
lianglion  on  Ihe  atomach.    (After  Keferaleln.) 

II.  Lon^tudlnal  and  vertieal  aeellon  throufih  the  buccal  maw;  mzi, 
poateriiirbeak;  nm,  anteriorbeak;n&^  buccal  membrane  ;n/,  lip;  z, 
guitatoiy  (?)  oiyan  I  nf,  ndula;  i,  aac  of  the  Tadula;  j',  tallvary 
gland  ;  gl,  anperior  buccal  ganglia.     (After  Kefentein.) 

III.  A  alngle  traiuveiM  row  of  leethfmmlho  radula  (after  Troaoh el). 

the  insertion  of  the  shell  mnsclee  and  the  horn  j  band  which 
connects  them.    It  is  separated  from  the  paired  chambers 
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bj  their  iimer  walls,  and  tliee«  walls  are  traTereed  hy  the 
ftfierent  branchial  veins.  Appendages  of  these  reina  pro- 
ject on  the  one  hand  into  the  paired  chambers,  and  on  tlie 
other  into  the  single  cluLmber.  The  latt«r  appendages  are 
elongated  papillte,  while  the  former  are  lamellar.  Earthy 
concretions,  composed  mainly  of  phosphate  of  lime,  bat 
which  jield  no  trace  of  tiric  acid,  are  osnallj  found  in  tlie 
paired  Baca.* 

Fig.  lar. 


Fig.  \ai.~Srpia  oJtcinali-.—e,  ajWemlc  he»rt;  an,  uterior  aorta, 
uo',  poaterior  Rorut;  t,  veaM  uti;  S,  iffsrent  brauahlil  TeMdij  re, 
reiuil  orgtat ;  i,  sppendagei  of  thMe  tgskIb  ;  S,  4,  luve  poatsriot 
vrini bringing  blood  to  the  afferent  biauaM»l  vsaaels;  a,  6,7,  effarent 
brancblal  leaaela,  branciiisj  veins,  and  brancbio-canliao  or  auricular 
trunks.    {After  Hunter.) 

The  nerrone  B7st(;m  in  the  C^haiopoda,  as  in  other 
MoUutea,  consists  of  cerebral,  pedal,  and  parieto-splanchnic 
ganglia,  aggregated  aroimd  the  gnllet,  and  connected  by 

*  Owen,  '  Memoir  on  the  points  In  the  aaaiOBir  of 
Pestlj     Naulilua.'       Van    der      NaiUilui  pompUim"     (Proceed- 

" "Beltrai!     iur     Ana-       Inn    of   the    Llnnean     Soeiely, 

.    «_...:)... .-ji....       ,g58j        sg,      ,[„     Kefersletn. 

Bronn's  'K listen  u.  Ordnunnn.' 
Bd.  liL  (luti3-«ej,  pp.  1330, 1319. 
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commissural  cords.  In  addition  to  these,  buccal,  yisceral, 
branchial,  and  pallial  ganglia  may  be  developed  on  the 
nerves  which  supply  the  bnccal  mass,  the  alimentary  canal, 
heart,  branchiae,  and  mantle. 

In  the  Dihrcmehiata  (Fig.  128),  the  three  priiicipal  pail's 
of  ganglia  are  nsually  large,  and  so  closely  aggregated 
together  that  the  commissures  ai*e  not  readily  distinguish- 
able. The  optic  nerves  are  very  large ;  one  or  two  nerves 
are  given  off  to  the  superior  or  anterior  buccal  ganglia, 
which  have  coalesced  into  one  mass,  and  are  united  by  com- 
missures, which  encircle  the  cesophagus,  with  the  coalesced 
inferior  or  posterior  buccal  ganglia.  The  pedal  ganglia 
lie  on  the  posterior  side  of  the  gullet,  and  supply  the  large 
nerves  to  the  arms,  and  those  to  the  funnel,  while  the  auditory 
nerves  are  immediately  connected  with  them.  Each  parieto* 
splanchnic  ganglion  gives  off  a  nerve  which  runs  along  the 
shell-muscles  to  the  anterior  wall  of  the  mantle,  and  there 
enters  a  large  ganglion,  the  gcmglion  stelXatwm.  A  large 
median  branch,  or  branches,  from  the  parieto-splanchnic 
ganglia,  accompanies  the  vena  cava,  and  is  distributed  to 
the  branchiffi  and  sexual  organs.  The  inferior  buccal  gan- 
glion sends  a  recurrent  nerve  along  the  oesophagus,  which 
ends  in  a  ganglion  on  the  stomach.* 

The  nervous  system  of  NautUus  differs  in  some  important 
particulars  from  that  of  the  Dibranchiata,  The  cerebral 
ganglia  are  represented  by  a  thick  transverse  cord,  which 
lies  in  front  of  the  oesophagus,  and  from  the  outer  angles  of 
which  the  optic  and  olfactoiy  nerves  are  given  off,  while 
nerves  to  the  bucc^  mass  proceed  from  its  anterior  edge. 
The  pedal  ganglia  lie  close  to  the  cerebral  ganglia,  and 
are  united  by  a  slender  conmiissure,  which  passes  behind  the 
gullet.  They  supply  all  the  brachial  processes  and  the 
funnel  with  nerves,  and  the  short  auditory  nerves  are  con- 
nected with  them.  The  parieto-splanchnic  ganglia  are,  like 
the  cerebral  ganglia,  elongated,  and  together  constitute  a 
thick  cord,  which,  united  at  each  end  with  the  cerebral  gan- 

*  See  Hancock,  ^  Anatomy  of  the  nervoas  system  of  Ommaatre- 
phea,"     (*  Ann.  jfat  History,'  1852.) 
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gUa,  fonns  a  hoop  round  the  gnUet,  distmot  from  tbe  pedal 
nerre-arch.  and  separated  from  it  bj  a  process  of  the  cartila- 
ginons  skeleton.  The  largest  nerres  given  off  from  these 
ganglia  ore  those  which  go  to  the  branchie. 

Ejea,  olfactory  organs,  and  auditor;  sacs  are  slwaja 
pvesent.  The  e;ee  of  the  Cep^Iopodomaj  be  lodged  in  orbital 
cavities  at  the  aides  of  the  head,  as  in  ajl  the  Dibranehiata  i 
or  may  be  pednneulated,  as  in  Ifaatibu.  In  the  former 
ease,  the  eye  is  enclosed  partly  by  the  cephalic  cartilage,  to 

Fig.  las. 


Fig.  MB.—  S^ia  oj^cnujtf.— Tbe  nervooi  man  wbich  suirniindi  t)ie 
gullet ;  N,  the  cerebral ;  N',  the  pedkl ;  N",  Ibe  parieCn-iplanchnic, 
ginglioD  ;  oo,  (be  u>rtk;  oe.  the  (tgophagu* ;  o',  buccal  aerva  j  P', 
iiervei  to  the  anui ;  H,  pallial  nerve*;  g,  •uperior;  g',  iarerior 
buccal  ganglion,    (After  Garner,)* 

which  sometimes  special  orbital  cartilages  are  added,  and 
partly  by  a  fibrona  capsule  continnons  with  these.  The 
fibrous  capsule  becomes  transparent  over  the  eye,  and  gives 
rise  to  what  is  varioosly  interpreted  as  the  representative 
of  the  cornea,  or  as  that  of  the  eyelids  of  vertebrnted 
HnJTnH'f  This  transparent  coat  is  sometimes  entire,  or 
presents  only  a  small  perforation  [Oetoptu,  Bepia,  LoUgo, 
and  the  other  Myopeidm  of  D'Orbigny) ;  sometimes  it  has  a 
•  Trans.  LlnnMUi  Society,  ISSS. 
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wide  opening,  through  which  the  cnTstalline  lens  may  pro- 
ject {Loligophes,  Ommasirepsis  and  the  other  OigopMce  of 
D'Orbigny);  and  sometimes  it  is  altogether  absent,  and 
the  capsule  of  the  eye  becomes  an  open  cup  {Nautilus). 

In  the  Dibranchiaia*  a  great  part  of  the  chamber  of  the 
capsule  of  the  eye  is  occupied  by  the  ganglion,  into  which 
the  optic  nerve  enlarges  after  entering  it ;  by  muscles ;  and 
by  a  peculiar  white  glandular  substance.  Lining  the  capsule, 
but  not  adhering  to  its  inner  surface,  in  front,  is  the  sHvery 
tapetwm,  formed  of  two  layers.  These  pass  into  one  another 
at  the  edges  of  the  free  prolongation  of  the  tapetum,  which 
forms  the  iris.  Longitudinal  muscular  fibres  are  interposed 
between  the  two  layers  of  the  tapetum.  Under  the  tapetum 
is  a  layer  of  cartilage,  which  forms  the  iwner  capsule  of  the 
eye,  extends  as  far  as  the  iris  externally,  and  is  perf oi*ated 
by  the  fibres  of  the  optic  nerve  on  its  inner  side.  The 
free  edge  of  the  inner  capsule  gives  attachment  to  a  thick 
rim  of  connective  tissue,  containing  muscular  fibres.  This 
so-called  ciliary  body  enters  the  deep  groove  which  sur- 
rounds the  lens ;  the  latter  is,  in  fact,  made  up  of  layers  of 
structureless  membrane,  which  are  cuticular  productions 
of  the  ciliary  body.  In  shape,  the  lens  is  elongated  in  the 
direction  of  the  axis  of  the  eye,  so  as  to  be  almost  a  cylinder 
with  convex  ends,  and  thus,  with  its  deep  equatorial  groove, 
into  which  the  ciliary  body  fits,  it  has  a  wonderful  resem- 
blance to  a  Coddington  lens.  The  vitreous  humour  is  a 
transparent  fluid.  The  retina  lines  the  inner  capsule,  and 
may  be  divided  into  an  outer  and  an  inner  stratum,  separated 
by  a  pigment  layer.  The  inner  stratum  is  formed  of  pris- 
matic or  cylindrical  rods,  the  outer  ends  of  which  abut 
upon  the  pigment,  while  their  inner  ends,  turned  towards 
the  cavity  of  the  eye,  are  covered  by  a  thick  hyaloid  mem- 
brane. The  outer  stratum  contains  the  plexus  of  the  fibres 
of  the  optic  nerves,  and  numerous  cells  (ganglionic),  sup- 
ported by  connective  tissue.  The  terminations  of  the  nerves 
therefore  must  traverse  the  pigment  layer  to  reach  the  rods. 

*  See  Henfien, '*  Ueber  d«B  Auge  einiger  Cephalopoden."    (*Zeit* 
schriftfurWissenschaftlicbeZoologie,'  1865.) 
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It  will  be  obserred  that  the  apparent  reeemblanoes  be^ 
tween  the  cephalopodotus  and  the  vertebrate  eye  are  merely 
superficial,  and  disappear  on  detailed  oomparison. 

In  NatUiius,  the  eye  has  neither  oomea,  lens,  nor  vitreous 
hiunonr,  but  is  a  mere  cup,  lined  by  the  retina.  The  aper- 
ture for  the  admission  of  light  is  exceedingly  small. 

The  olfactory  organs,  the  true  nature  of  whicbi  was 
discovered  by  KoUiker,*  are  sometimes  pits,  sometimes 
papillee  of  the  integument,  situated  behind  or  above  the 
eyes.  In  the  TewOiidoB  and  SepvadoR  they  are  depressions 
above  the  eyes ;  in  the  Odopoda,  they  are  either  depressions 
or  papillae  {Arg(mati;ta  and  Tremodopvs)  in  the  same  position, 
but  nearer  the  anterior  face  of  the  body.  In  Nautilus, 
they  are  elongated,  tentaculif  orm,  and  situated  immediately 
behind  the  eyes. 

In  the  DibrancMata,  the  auditory  sacs  are  lodged  in 
cavities  of  the  cephalic  cartilage,  and  contain  a  single  lai^ 
otolith,  composed  of  carbonate  of  lime,  and  of  rounded  or 
irregular,  but  definite  and  characteristic  form.  In  NauUhis, 
Dr.  Macdonald  discovered  that  the  auditory  sacs  are  attached 
to  the  pedal  ganglia,  and  are  not  lodged  in  the  cranial  car> 
tilage.    They  contain  numerous  otoliths. 

An  endoskeleton  formed  of  true  cartilage  is  developed  in 
the  region  of  the  principal  ganglia,  and  sometimes  furnishes 
them  with  a  complete  investment.  It  gives  attachment  to 
the  most  important  muscles.  In  some  Cephalopods  addi- 
tional cartilages  appear  in  the  mantle  and  in  the  funnel. 
The  muscular  fibres  of  the  Cephalopoda  are  unstriated. 
The  sexes  are  distinct,  and  the  reproductive  organs  are 
unlike  those  of  other  Mollusks.  They  consist,  in  both  sexes, 
(Fig.  129)  of  lamellar  or  branched  organs,  the  cellular  con- 
tents of  which  are  metamorphosed  into  ova  or  spermatozoa, 
and  which  are  attached  to  one  point  or  line  of  the  wall  of 
a  chamber,  which  communicates  with  the  pallial  cavity  by 
two  symmetrically  disposed  oviducts,  in  the  females  of  some 
species ;  but,  in  most  female  and  almost  aU  male,  Cephalo- 

*  *  F.ntwlckelungsgeschichte  d«r  Cephalopoden/  1841,  p.  107. 
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poda  *  it  hae  only  ime  dnot,  the  t^Frnmatdon  of  wMoh  is 
nsaallj  situated  on  the  left  side,  but  maj  be  near  the  middle 
line  (male  Nautibu),  or  eren  on  the  right  side  (female  Naa- 
Ubu).  In  the  female,  the  oTidnct,  or  oridnctB^  present 
glandular  enlargemente.  In  addition,  two  lamellar  ttida- 
mental  gktndt  are  developed  npon  the  walls  of  the  branchial 
cavitj,  and  to  theee  accessoij  glands  maj  be  added.    Theee 

tie- 1!9. 


Fig.  IS9.— SqnaoAcnnlH.— I.  DaleorpnH,^  tMtli:  nl  TMdifcT«o«; 

D(,  vaaiouU  HmiluUa ;  pr,  prMUIa;  bp,  raMplaola  of  tba  ipanuMo- 

phoTM:  p,  pmla  irlth  toe  gtniMl  ipercure     ^After  Dnverno]'.) 
n.  Female  genlliJ   orguii.— a,  msoa;    i,  Intmtlne;   av,  dtuj  ;   od", 

OTidniol  ■nrlDr*;  «^  orldtuul  glud;  m,  niduuntal  ghuid;  gn', 

■ecMmry  gluid*.    (Aflei  Hllne-Kdwardi.) 

glands  secrete  a  viscid  finid,  which  invest*  the  ova,  and 
connects  them,  when  laid,  into  varionelj  shaped  aggrega- 
tionu.  In  the  male,  a  prostatic  gland  furnishes  the  material 
of  the  cases,  or  »permatophoret,  in  which  packets  of  sperma- 
*  KefraiUln  fimnd  two  duots  In  a  mala  Ebdami  wmtH^fc 
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toKoa  aare  contamed,  and  wHich  sometinieB  possess  a  verj 
eomplicated  stmcture. 

In  the  Dibranchiata,  the  speiteatopliOTeB  are  elender 
ejlindrical  bodies  whicH  maj  veach  half  an  inch  in  length. 
They  have  an  external  stnfotureless  case,  thinner  at  one 
end  than  the  other,  and  often  ending  in  a  fine  filament  at 
the  thin  end.  Withijl  this  case,  filling  its  thicker  end, 
and  as  much  as  half  or  two-thirds  of  the  rest  of  its  cavity, 
is  a  delicate  sac  fifll  of  spermatozoa. 

The  rest  of  the  case  is  occupied  by  a  very  singular  elastic 
body,  in  form  somewhat  resembling  the  sponge  of  a  gun 
with  a  spiral  screw  turned  on  the  handle.  The  enlarged 
'  sponge '  end  of  this  Body  is  fastened  by  a  delicate  pro- 
longation  to  the  spermatic  sac,  while  the  '  handle,'  being 
too  long  to  lie  stra%ht,.i8  coiled  up  at  the  end  ofipomie 
to  the  sponge  and  then  fastened  to  the  outer  case.  When 
these  bodies  come  into  contact  with  water  they  undergo 
strange  contortions,  and  finally,  the  thin  end  of  the  case 
giving  way,  the  spring  frees  itself,  starts  out  of  tiie  case 
and  drags  with  it  the  spermatic  sac.* 

In  Nautilus,  according  to  Tan  der  Hoeven,  the  spermato- 
pfaores  have  a  much  simpler  structure. 

The  male  Gephalopods  are  distinguished  from  the  females 
by  the  asymmetry  of  their  arms,  one  or  more  of  which,  on 
one  side,  are  peculiarly  modified,  or  hectoeoiyliged. 

Some  Cephalopoda  are  devoid  of  any  shell,  but  most 
possess  a  pallial  shell,  which  is  either  external  or  internal. 
In  the  former  case,  the  visceral  sac  is  lodged  within  that  part 
of  the  cavity  of  the  shell  which  lies  nearest  its  open  end,  and 
the  rest  of  the  cavity  is  divided  into  chambers,  which 
contain  air;  by  transverse  s^ta.  The  septa  are  perforated, 
and  a  prolongation  of  the  mantle — the  mphunde—iB  con- 
tinued through  the  series  of  perforations,  as  far  as  the 
apical  chamber  of  the  shelL     The  internal  shells  of  the 

•  For  the  minute  ttmctore  of  Spermatophores  dee  MolloBquee 

these    ouriouB    sgennatio    cart-  C^phalopodes "     (*AnnaleB   dee 

ridges,  see  Milne-£dwards'  elabo-  Soienoes  N  atnrelles,'  L8  40). 
rate  essay,  '*  Observations  sur  les 


THE  CBFHAIiOFODA.  531 

Cephalopods  may  have  very  Tarious  forms,  and  may  even 
be  cluLmbered  and  siphunculated ;  but,  in  this  case,  the 
chamber  nearest  the  month  of  the  shell  is  small,  and 
incapable  of  lodging  the  viscera. 

Oar  knowledge  of  the  development  of  the  Cephalopods 
is  confined  to  that  of  the  Dibranchiaia,*  In  these,  the 
yelk  undergoes  partial  division,  and  the  blastoderm,  formed 
upon  one  face  of  it  by  the  smaller  blastomeres,  spreads 
gradually  over  the  whole  ovum,  enclosing  the  larger 
and  more  slowly  dividing  blastomeres.  The  mantle  makes 
its  appearance  as  an  elevated  patch  in  the  centre  of 
the  blastoderm,  while  the  future  arms  appear  as  sjnn- 
metrically  disposed  elevations  of  the  periphery,  on  each 
side  of  the  mantle.  Between  these  and  the  edge  of  the 
mantle,  two  longitudinal  ridges  mark  the  rudiments  of  the 
epipodia,  while  the  mouth  appears  in  the  middle  line 
in  front  of  the  mantle,  and  the  anus,  with  the  rudiments 
of  the  gills,  behind  it.  The  rest  of  the  blastoderm  forms 
the  walls  of  a  vitelline  sac,  enclosing  the  larger  blasto- 
meres. 

The  palUal  surface  now  gradually  becomes  more  and  more 
convex,  the  posterior  margin  of  the  mantle  growing  into  a 
free  fold,  which  encloses  the  pallial  chamber  and  covers  ova 
the  gills. 

The  internal  shell  is  developed  in  a  sac  formed  by  ac 
involution  of  the  ectoderm  of  the  mantle.  The  epipodia 
unite  behind,  and  give  rise  to  the  funnel,  while  the  antero- 
lateral portions  of  the  foot  grow  over  the  mouth,  and  thus 
gradually  force  the  latter  to  take  up  a  position  in  the 
centre  of  the  neural  face,  instead  of  in  front  of  it.  The 
yelk-sac  gradually  diminishes,  and  the  contained  blastomeres' 
are  finally  taken  into  the  interior  of  the  visceral  sac,  into 
which  the  alimentary  canal  is  gradually  drawn. 

•  RdlUker,      '  Entwickelungfl-  Wi88.Zoologie,M876).  Lttikester 

geflchiehte   der     Cephalopoden,'  '*  Observations  on  the  develop- 

)841.     Grenacher.     **Zur   £nt-  ment     of    the      Cephalopoda." 

wickelnngsgeschlclita     der    Ca-  (*  Quarterly    Journal    of   Mier. 

phalopoden/'    (*  Zeitschrifk    fur  Science/  1875.) 

2  M  2 
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The  CepluUopoda  are  diyided  into   two   yezy    distinct 
gronpe,  the  Tetrahranehiata  and  the  DibranehiakL 

The  Tetrahranehiata  poflaess  an  external  chambered  si- 
phnncnlated  shell.  The  terminal  chamber  is  mach  larger 
than  anj  of  the  reet^  and  the  body  of  the  animal  can  be 
almost  completelj  retracted  into  it.  When,  as  in  the  only 
oxiHtiTig  genus,  NauHhu  *  (Fig.  ISO),  the  shdl  is  coiled  into 
a  flat  symmetrical  spiral,  its  apex  lies  on  the  anterior  face 
of  the  body,  and  the  outermost  chamber,  into  which  the 
whole  body  can  be  retracted,  is  conseqnisntly  posterior  to 
the  axis  of  the  heUx.  In  NauHhu,  the  brachial  processes 
are  short,  and  j>os8e8s  no  acetabnla  such  as  exist  in  the 
Dibranchuxta,  but  the  margins  of  the  foot  are  produced 
externally  into  a  sort  of  sheath,  which,  in  front,  has  the 
form  of  a  broad  "hood  with  a  tuberculated  surface;  while, 
at  the  sides,  it  is  divided  into  many  processes  of  unequal 
lengths.  Behind,  the  halyes  of  the  sheath  are  separated 
throughout  the  greater  part  of  their  length  by  a  wide 
interval,  but  are  united  above  by  a  thick  muscular  isthmus. 
The  central  portion  of  the  sheath  is  a  broad  triangular 
hood-like  plate,  the  apex  of  which  is  free.  It  contains  two 
long  narrow  cavities,  'each  of  which  lodges  a  tentacle. 
The  tentacle  consists  of  a  slender  stem,  on  which  are  set 
a  great  nrmiber  of  transverse  plates,  in  such  a  manner 
that  the  axis  of  the  stem  passes  through  the  centre  of 
the  plates.  The  anterior  and  lateral  regions  of  the  hood 
are  completed  by  two  narrower  processes,  each  of  which 
contains  a  similar  tentacle,  and  the  lateral  portions  of 
the  sheath  are  formed  by  sixteen  or  seventeen  smaller 
tentaculiferouB  processes,  the  surfaces  of  which  are  more  or 
less  distinctly  annulated.  When  the  sheath  is  opened  out, 
there  is  seen  to  be  attached  to  its  inner  surface,  on  each 
side,  close  to  the  re-entering  angle  between  it  and  the  lip 
which  surrounds  the  beak,  and  along  the  line  of  junction 
of  the  lateral   part  of  the  sheath  with  the  isthmus,  a 

*  Owen,  'Memoir  on  the  Natnrelles/ 1856.  Kefentein,  in 
Pearly  Kaatllos/ 1832.  Yander  Bronn't  <  Klassen  u.  Ordnungen.' 
Uoeven,  *Aiinales  del  Sciences 
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thin  tree  qmtdrate  lobe  which  curies  twoln  tontoolea. 
The  isthmas  joins  dte  posterior  edges  of  ttiese  tniter  ten. 
taaitUfanma  Uiht»,  m  well  as  those  of  the  two  hidves  of  the 
sheath,  and  it  exhibits  on  its  snterior,  or  inner  snifsoe^ 
a  broad  srea  beset  with  delicate  dose-set  onrred  laminn. 
Two  other  Bimilar,  but  ninch  thicker,  mmst  iatttaevii- 
fermu  lobes,  which  also  canj  twelve  tentacles,  lie  between 
these  and  th«  lip.  They  are  quite  free  from  the  outer 
FiB.  130. 


tbe  r«nml  appcni^gea  ;  am,  horn;  ring;  ■,  •hell  muaeli;  »,  otut; 
yo/, ovidDCKTijIuid ;  ipA'.ilphnnc'le;  (A,bUokpftrtof  theihell  nndar 
the  Duntla  p,  kn,  prooen  of  the  oartiliginoai  ikeletoo  Into  Cha 
funnel.    (A.fter  Kefetiteln.) 

ientacnliferooB  lobes,  and  nnite  with  the  eheath  onlj  above 
and  behind.  Like  the  halree  of  the  eheath,  these  two 
lobes  are  nnited  behind  bj  a  thick  isthmTis,  the  anrface  of 
which  presents  a  number  of  parallel  longitudinal  laminie. 
The  beak,  which  is  hidden  hj  the  sheath  and  the  lobes,  is 
snrroanded  hy  the  thin  circular  Up  already  mentioned,  the 
free  margin  of  which  is  papillose.    Besides  these,  there  ie  a 
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short  conical  tentacnlif  eroos  procees  above  the  peduncnlate 
eye,  and  another  below  it.  In  the  male,  the  internal  tenta- 
cnliferouB  lobes  are  wanting,  and  the  outer  tentacnliferons 
lobes  are  divided  into  two  portions,  an  anterior  which  bean 
eight,  and  a  posterior  with  four,  tentacula.  On  the  left  side, 
the  four  tentacles  of  the  posterior  division  have  undergone 
much  modification,  and  are  converted  into  a  peculiar  organ 
termed  the  apadix,  which  bears  a  discoidal  follicular  gland 
upon  its  outer  surface.  There  is  thus  a  kind  of  hectocotj- 
lisation  in  the  Tetrabrcmchiaia. 

The  margins  of  the  united  epipodia  are  not  united 
into  a  tubular  funnel.  Thej  constitute  a  muscular  mem> 
brane,  narrow  on  the  anterior  face  of  the  body,  but  becoming 
wide,  and  folded  in  such  a  manner  that  its  posterior  edges 
overlap,  behind. 

The  mantle  has  a  broad  anterior  fold,  which  covers  the 
anterior  convexity  of  the  shell,  and  the  region  which  it 
thus  invests  is  black.  The  pallial  chamber  does  not  extend 
for  more  than  three-fifths  of  the  length  of  the  body,  and 
is  therefore  much  less  deep  than  in  the  Dibranehiaia,  The 
anus  opens  in  the  middle  line  on  the  posterior  wall  of  the 
pallial  cavity,  close  to  its  junction  with  the  anterior  wall. 
The  four  branchuB  are  attached,  two  on  each  side  of  the 
anus,  to  the  posterior  wall  of  the  branchial  chamber,  and 
the  ixmer  branchia  is  shorter  than  the  outer.  The  nida> 
mental  glands,  composed  of  numerous  vertical  lAmftllg*, 
partly  covered  by  a  fold  of  the  lining  membrane  of  the 
pallial  cavity,  are  situated  on  the  posterior  wall  of  that 
cavity,  almost  midway  between  its  union  with  the  anterior 
wall  and  its  free  edge.  The  paired  renal  chambers  lie 
immediately  above  them  also,  in  the  posterior  wall  of  the 
pallial  cavity. 

The  buccal  mass  is  very  large,  its  length  amounting  to 
one-third  that  of  the  body.  The  apices  of  the  great  homy 
beaks  are  obtuse,  and  are  coated  with  a  calcareous  de- 
posit The  (esophagus  dilates  into  a  wide  crop  and  is 
separated  by  a  constriction  from  the  stomach,  the  chitinous 
lining  of  which  is  thick  and  ridged.     The  pyloric  caecum 
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is  small  and  rounded,  and  the  intestine  makes  two  bends 
upon  itself  before  reaching  the  anus.  SaliTary  glands 
appear  to  be  wanting,  unless  certain  glandular  bodies  placed 
within  the  buccal  mass  should  be  of  this  nature. 

The  liver  is  a  looselj  racemose  gland,  divided  into  four 
lobes,  and  is  lodged  in  the  anterior  part  of  the  perivisceral 
cavity.  There  is  no  ink-bag ;  and  there  are  no  Inranchial 
hearts.  The  quadrate  systemic  heart  is  situated  on  the 
left  side  of  the  posterior  face  of  the  body,  dose  to  the  junc?- 
tion  of  the  posterior  with  the  anterior  wall  of  the  pallial 
cavity.  It  receives  four  branchio-cardiac  veins ;  and,  attached 
to  it,  is  a  pyrif orm  sac,  which,  according  to  Keferstein, 
opens  into  the  paUial  cavity. 

The  cartilaginous  skeleton  supports  the  pedal  and  parieto- 
splanchnic  ganglia,  but  does  not  encircle  the  gullet,  or  roof 
over  the  cerebral  ganglia.  Two  long  processes  of  the 
skeleton  pass  into  the  funnel  and  give  attachment  to  its 
muscles.  Two  large  shell  muscles  are  attached  to  it;  and, 
passing  upwards  and  outwards,  are  inserted  into  Aval  chiti- 
nous  patches  visible  on  the  outer  surface  of  the  mantle, 
and  connected  together  by  a  thin  ring  of  thesame  substance 
(the  cmnulua)  which  encircles  the  mantle. 

The  oviduct  does  not  arise  directly  from  the  sac  in  which 
the  ovary  is  lodged,  but  from  a  distinct  .chamber,  into  which 
the  ovarian  sac  opens.  A  large  albumen  gland  pours  its 
secretion  into  the  ovarian  sac.  The  vas  deferens  similarly 
takes  its  origin,  not  from  the  sac  of  the  testis,  but  from 
a  smaller  chamber  communicating  therewith.  The  com- 
mencement of  the  vas  deferens  is  enlarged  and  glandular. 
Nothing  is  known  of  the  development  of  the  Tetrdbran" 
chiaia. 

The  only  existing  representatives  of  the  Tetrabranchiaia 
are  the  different  varieties  of  "  pearly  nautilus "  {Na/vMLus 
p<ympilius),  which  are  found  in  the  Southern  seas,  living 
at  the  bottom  at  a  considerable  depth.  The  genus  is 
one  of  the  oldest  in  existence,  since  it  is  traceable  through 
the  whole  series  of  fossilif erous  rocks  as  far  back  as  the 
Silurian  epoch. 
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Along  with  it,  in  €ke  Palffiozoic  formationB,  oocor 
Bomerous  closely  allied  forms,  which  differ  from  NauUimi 
mainly  in  the  different  cnrvatiire  {LUuite$,  Qyroceras,  Tro- 
ehoeeras)  or  straightness  {Orihoeeraa,  Chmphooereui)  of  the 
shell,  and  in  the  varying  position,  proportions,  and  degree 
of  calcification  of  the  siphunde. 

In  the  middle  of  the  PalsBozoic  strata  (Devonian),  Tetana- 
branchs  {AmmoniHdai)  appear,  in  which  the  margins  of  the 
septa  are  strongly  bent,  whence  their  edges  appear  as  zigzag 
transverse  lines,  folded  into  lobes  and  tciddlea^  when  the 
outer  layer  of  the  shell  is  worn  away  {ChmiaHtsa,  Cera- 
HUs) ;  and,  in  the  Mesozoic  epoch,  the  lobes  and  saddles 
become  extremely  complicated,  while  the  shells  may  be 
straight,  simply  curved,  or  bent,  or  turbinated  {Ammoniiei^ 
BacfulUes,  TmrUiies),  The  AfMnoniUdtB  are  extraordinarily 
nnmerons  in  the  Mesozoic  epoch,  but  no  trace  of  them  has 
been  found  in  tertiary  or  quaternary  formations. 

Associated  with  AmmowiUa,  and  not  unfrequently  lodged 
in  the  terminal  chamber  of  the  shell,  are  the  so-called 
Aptychi.  These  are  plates  of  a  shelly  substance,  three- 
sided,  with  rounded  off  angles,  and  applied  together  by 
their  straightest  edges  so  as  to  resemble  bivalve  shells. 
They  consist  of  two  layers,  an  inner  and  an  outer,  of  which 
the  inner  presents  lines  of  growth,  concentric  with  the 
angle  of  each  plate  which  is  situated  on  that  side  of  its 
broad  end  which  is  applied  to  its  fellow.  The  outer  layer 
is  composed  of  many  laminsB,  and  is  traversed  by  pores. 
Its  free  surface  frequently  presents  longitudinal  ridges. 
The  heart-shaped  plates,  undivided  by  a  suture,  which  are 
found  in  some  GaniatUee  and  Ammonites,  are  termed 
Anaptydhi, 

The  Aptyehi,  when  undisturbed,  occupy  the  middle  of  the 
posterior  wall  of  the  terminal  chamber  of  the  Ammonite, 
and  have  their  bases  towards  its  mouth.  Nothing  is  cer- 
tainly known  as  to  the  nature  of  the  Aptyehi  or  Anapiychi,* 

*  See  the  disciunion  of  this  questioii  by  Kefentein,  In  Bronn't 
*  Thierreich/ 
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In  the  Dibranckiatay  the  margins  of  the  foot  are  produced 
into  not  fewer  than  eight,  nor  more  than  ten»  aims,  which 
are  proyided  with  acetahula  or  guckers.  Each  acetabulum 
is  a  sessile  or  stalked  cup,  from  the  bottom  of  which  rises  a 
plug,  which  nearlj  fills  the  cup,  bat  can  be  retracted  bj  the 
action  of  muscular  fibres  attached  to  it.  When  the  margins 
of  the  acetabulum  are  applied  to  any  surface,  and  the  plug 
is  retracted,  a  partial  yacuum  is  created,  and  the  acetabulum 
is  caused  to  adhere  to  the  surface  by  atmospheric  pressure. 
The  edges  of  the  acetabula  are  frequently  strengthened  by 
chitinous  rings,  and  these  may  be  serrated  (Fig.  124,  B), 
and  are  sometimes  produced  into  long  curved  hooks. 

The  margins  of  the  united  epipodia  are  not  only  folded 
inwards,  but  coalesce  so  as  to  give  rise  to  a  tubular  funnel, 
through  which  the  water  taken  into  the  branchial  sac  for 
respiratory  purposes  is  ejected.  Very  often,  a  yalye  which 
preyents  the  flow  of  water  back  into  the  mantle  cayity  is 
developed  within  the  funneL  There  are  two  branchisB,  and 
the  anus  terminates  between  them  in  the  anterior  wall 
of  the  branchial  sac,  on  which  also  the  nidamental  glands 
are  situated.  The  apices  of  the  homy  beaks  are  acutely 
pointed,  and  not  ensheathed  in  calcareous  matter.  The 
liver  is  usually  a  compact  mass.  A  peculiar  gland,  which 
secretes  an  extremely  dark  fluid — ^the  so-called  ink, — and 
has  the  form  of  an  oval  or  pyriform  sac  (the  inh-hag), 
with  a  long  duct  which  opens  into,  or  dose  to,  the  rectum, 
is  lodged  sometimes  in  the  liver,  sometimes  further  back 
(Fig.  126, 1).  The  ink  is  ejected  when  the  animal  is  alarmed, 
and  gives  rise  to  a  dark  cloud  in  the  water,  by  which  its 
retreat  is  covered.    There  are  two  branchial  heurts. 

The  eye  is  lodged  in  an  orbit  and  is  provided  with  a  lens. 
The  cartilaginous  endoskeleton  forms  a  ring  surrounding 
the  gullet  and  enveloping  the  principal  ganglia.  There  is 
usually  an  internal  pallial  shell.  It  may  be  chambered 
and  siphunculated,  but  in  this  case,  the  last  chamber  is 
small  and  hardly  larger  than  the  others. 

The  IHbranchioda  are  divided  into  the  Odopoda  and  the 
Decapoda.    The  Odopoda  have  eight  arms,  and  possess  no 
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pallial  BheU.  But,  m  the  fonale  ot  one  genua  (ArgoHtuda. 
the  "paper  NaatUns,"  Fig.  131),  the  «xtremitie«  of  the 
anterior  pair  of  anna  are  greatlj  expended,  and,  bein^  tnmed 
bftck  over  the  mantle,  secrete  aa  elegant  shellj  Btractnre 
which  covers  the  bodf,  and  aervea  for  the  attachment  of 
Pig.  )S1. 


FIk-  131.— ^r^oiMKta  oryo. — A,  female  with  the  expanded  ani  is 
tbdt  Dslnikl  podtloa,  embncing  ths  ihatl  b ;  if,  the  olha  eix  amu  ; 
a,  fbe  funneL    B,  ■cetabuU. 


Fig.  \3i.—Arpomnita  argo,  male,  with  the  Hedocafyliu-^rm  attaohed. 

the  eggs.  In  this  genna,  and  in  some  other  Octopoda 
(Oetopiu  carina,  Trmtoetopttt  violaeeuM  and  T.  QiKtyanmt), 
the  male  b  verj  mnch  smaller  than  the  female,  and  givea 
rise  to  a  fiectooofyltM. 
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In  Argonavta  argo  (Figa.  132,  133)  it  is  the  third  arm 
on  the  left  side  vhioh  becomes  tims  modified.  At  finrt, 
it  has  the  form  of  &  sac,  within  which  the  slender  ter- 
minal part  of  the  arm  is  coiled  up  (Fig.  133,  B).  The  sac 
splits  t»  give  exit  to  the  latter  (Fig.  132),  and  its  two  halves 
reunite  on  tiw  outer  face  of  the  base  of  the  arm  to  form  a 
chamber,  which  beoomeB  filled  with  spermatophores  in  a 
maimer  not  jet  nnderatood.    Doriiig  semal  union,  the  arm 

Fig.  133. 


r,  3',  4',  thoHof  eh*  left  *1<1«.     A,  the  hectocotjloi  (Utadwd. 

thus  charged  with  semen  is  detached  and  left  in  the  mimtle 
cavitjof  the  female  (Fig.  133,  A).  When  first  disooTered, 
it  was  regarded  as  a  parasite  and  termed  Trwkoeephahtt 
acetalnUarit  by  Delle  Chitge,  while  the  correaponding  body 
found  in  an  Oetopu»  waa  caUed  Seetocotylua  octopodU  1^ 
Cavier. 

In  Trmutetoptu,  it  is  the  third  arm  <m  the  right  side 
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which  becomes  the  Hectoeotyhu.  In  other  Oeiopocb*  one 
or  other  arm  is  pecoliarl j  modified,  but  does  not  become 
detached,  or  serve  as  a  receptacle  for  the  spermato- 
phores. 

The  Decapoda  have  ten  arms,  two  of  which  are  nsnallj 
much  longer  than  the  rest,  and  can  be  protraded  from,  or 
retracted  into,  sockets.  The  acetabnla  haye  homj  rims, 
which  may  take  on  the  form  of  hooks. 

Hectocotylisation  does  not  go  further  than  a  modification 
of  the  form  of  one  of  the  arms.  There  is  always  an  internal 
shell,  which  is  either  a  pen,  a  aepiogtaire,  a  phragfnoconej 
or  a  combination  of  the  latter  with  a  pen. 

The  Teuthida,  or  Sqnids,  are  characterised  by  poesesBing 
a  pen.  This  is  a  lamellar  chitinons  body,  strengthened  by 
one  or  more  longitudinal  ridges,  which  lies  in  a  sac  lodged 
in  the  anterior  wall  of  the  body,  by  the  lining  membrane  of 
which  it  is  secreted.  The  posterior  end  of  the  pen  is  com* 
monly  broad,  and  its  sides  may  be  infolded  so  as  to  form  a 
conical  cup  {Ommiastrephea), 

In  the  SepiadcB,  or  Cuttle-fishes,  the  sepiostaire,  or  "  cuttle 
bone,'*  which  occupies  the  same  position  (Fig.  125,  Bk),  is 
composed  of  a  broad  plate  answering  to  the  pen,  and  like- 
wise infolded  at  its  apex  so  as  to  give  rise  to  a  short  cone, 
but  calcified.  On  the  inner  face  of  this  plate,  a  great 
number  of  delicate  calcified  lamina,  connected  by  numerous 
short  columns,  form  a  spongy  tissue,  which  is  full  of  air.* 

In  the  fiJpiru2ic2oB,  represented  by  the  solitary  genus  SpirtUa^f 
which  is  among  the  rarest  of  a.niTna1fl  in  museums,  though 
its  shells  are  found  piled  up  in  countless  millions  on  the 
beaches  of  the  islands  of  the  Pacific,  the  shell  is  spirally 


*  Steemtmp,  *'  Die  Hectocoty- 
len-bildung  bei  Argonavia  and 
TremoctopaB  erklart  durch  Beob- 
achtungen  ahnUcher  Biidungen 
bei  den  Cephalopoden."  (|Aromy 
fur  Maturgesohichte,'  1856.) 

f  The  planes  of  the  superim- 
posed parallel  laminae  form  an 
acute  angle  with  that  of  the  prin- 
cipal  plate   of  tlie   sepiostaire. 


The    connecting    columns 

{tlaced  perpendicularly  to  the 
amin«  oetween  which  they  are 
interposed,  and  may  be  simple  or 
branched.  When  the  young  Squa 
leaves  the  egg,  the  sepiostaire 
already  contains  air. 

t  Owen,       *  Zoology    of    the 
Samarang,'  1848. 
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FlK  1S4.— A{efiM>t8t,wlththgnmaiiitofthebod;af  tlManiiittl.<FnHn 
kipecimen  In  Om  Mnaeimi  of  p™-Hi-i  n»nin™-\ — _    ..»■  .iih 
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coiled  and  divided  bj  septa,  perforated  by  a  siphnnde,  into 
chambers.  The  last  chamber  of  this  phragmocone,  however, 
is  no  larger  than  its  predecessor,  and  the  shell  is  held  in 
position  by  lateral  processes  of  the  mantle,  which  are  nnited 
over  it,  and  probably  represent  the  walls  of  the  sac  in 
which  the  shell  was  primitively  formed.  The  last  chamber 
of  the  shell  lies  in  front  of  the  axis  of  the  helix ;  the  shell 
is  therefore  coiled  in  the  opposite  direction  to  that  of 
NautUus. 

In  certain  extinct  genera  {e.g,  Sptrulirogtra^'sk  sheU,  like 
that  of  ^finda,  is  enclosed  in  a  dense  and  laminated  pointed 
sheath,  like  the  hinder  end  of  a  sepiostaire,  or  of  the  pen  of 
an  Om/nuutr^hes, 

In  the  BelemniiidoR  (Fig.  134),  which  abounded  in  the 
Mesozoic  epoch,  but  have  been  extinct  since  that  time,  a 
straight  phragmocone  is  enclosed  within  a  more  or  less 
conical  calcified  laminated  structure,  the  g%iard  or  rostrtim, 
which  is  continued  forwards  into  a  variously-shaped,  usually 
lamellar,  pro-08tracv/in.  The  pro-ostracum  and  the  rostrum 
together  represent  the  pen  in  the  TeuthidcB, 

The  rare  specimens  of  BelemnitidcB mwhich  the  fossilised 
soft  parts  are  retained,  show  that  the  arms  were  provided 
with  hooks,  and  that  there  was  a  lai^  ink-bag.* 

The  genus  Acantkotewthisf  {Belemnolevihia,  Pearce) — one 
of  the  BelemnitidcR,  in  which  the  guard  is  almost  rudimen- 
tary, while  the  pro-ostracum  is  large  and  penlike — occurs 
in  the  Trias,  and  is  the  earliest  known  Dibranchiate  Oepha- 
lopod.  The  ordinary  BelemmtidcB  abound  from  the  Lias  to 
the  end  of  the  Mesozoic  period,  after  which  they  disappear. 
The  SepiadcB  first  appear  in  the  latter  half  of  the  Mesozoic 
epoch ;  while  the  Teuthidce  are  represented  by  genera  doeely 
allied  to  existing  forms  {TeiUhopsis,  Belemnosepia)  as  early 
as  the  Lias. 

♦  Huxley,  "The  structure  of  f  Owen,    "A    description   of 

Belemnites."    (*  Memoirs  of  the  certain  Belemnitet,"  ho.  (*  Phil. 

Geological  Survey  of  the  United  Trans.'  1844.) 
Kingdom,'  1864.) 
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CHAPTER  IX. 

THB  BOHIHODBSMATA. 

Thb  Echinoderms  are  exclusiyelj  marine  animals.  Thej 
are  always  provided  with  a  skeleton,  composed  of  calcareous 
spicnla,  which  commonly  unite  into  networks,  and  give 
rise  to  definite  skeletal  plates.  These  generally  become 
connected  with  one  another  by  joints  or  sutures,  but  some- 
times remain  distinct.  A  more  or  lees  spacious  peritoneal 
cavity  separatee  the  walls  of  the  body  from  those  of  the 
alimentary  canal.  The  nervous  system,  in  those  Echino- 
derms in  which  it  has  been  most  satisfactorily  made  out, 
presents  a  ring,  which  surrounds  the  gullet,  and  gives  off 
radiating  longitudinal  cords.  A  remarkable  system  of 
vessels,  termed  ambuUicral,  which  also  form  a  ring  around 
the  gullet,  is  highly  characteristic  of  the  Eehinodermaia, 
The  most  conspicuous  and  familiarly  known  Echinoderms 
— the  Star-fishes  (AsUridea),  Brittle-stars  {Ophiwndea),  Sea- 
urchins  {Echinidea\  and  Feather-stars  {Crinoidea) — have  a 
marked  radial  symmetry;  similar  parts,  usually  to  the 
ntunber  of  five,  being  arranged  around  a  central  axis ;  and 
the  body  is  spheroidal,  discoidal,  or  stellate.  The  Sea- 
cucumbers  and  Trepangs  {HoloiQi/wndea)  are  elongated  and 
vermiform;  but  the  radial  symmetry  is  still  traceable  in 
the  arrang^ement  of  the  oral  tentacula,  the  nervous,  and  the 
ambulacral  systems.  It  is  to  be  remarked,  however,  that, 
in  many  Echinoderms,  the  radial  symmetry,  even  in  the 
adult,  is  more  apparent  than  real;  inasmuch  as  a  median 
plane  can  be  found,  the  parts  on  each  side  of  which  are 
disposed  symmetrically  in  relation  to  that  plane.  With  a 
few  exceptions,  the  embryo  leaves  the  egg  as  a  bilaterally 
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qrmmetrical  UrVH,  prOTided  with  ciliated  bands,  and  other- 
wise aimilar  to  a  worm-larra,  which  maj  be  termed  an 
JUlMoptEdiwm.  The  conversion  of  the  Edunopedinm  into 
an  Echinoderm  is  effected  b^  the  devektpmat  of  an  en- 
Fi«.  iss. 


Echinid  (C,  C)  l»rv»  „,  uci..™,   i'.  *- ,  jui"-„ — - 

■dTBUced  lUgei  of  ths  AiCetid  (fi^psnoHa)  Urree;  n,  montli;  a, 
■Umuch;  c,  InletCiiiej  d,  uiui;  «,  ciluMd  band)  ■',  Moand  or  *ntc- 
rioi  ciliated  cinlat  of  BipUnaria. 

t^vocele,  and  its  conversion  into  the  pentoneol  cavitj  and 
th«  wnbolacnl  sjatcm  <^  Teaaela  aad  nerves;  and  by  tiie 
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jQietamoiphoBiB  of  the  meeodenn  into  radially  dispoied 
antimeorefl,  the  result  of  which  is  the  more  or  lew  complete 
obliteration  of  the  primitiYe  bilateral  ijTmmetry  <^  the 

1.  The  HoLOTHiTKiDXA.  The  stady  of  the  straotare  of 
the  Echinoderms  may  best  be  commenced  with  the  members 
of  this  division,  which,  in  many  respects,  deviate  least 
from  such  worms  as  the  Oephyrea, 

In  the  SifnaptcB,  for  example  (Fig.  136),  the  body  is  greatly 
elongated  and  <^lindrical,  the  month  being  placed  at  one 
end,  and  the  anns  at  the  other.  The  oral  aperture  is  situated 
in  the  centre  of  a  circle  of  tentacnla,  and  the  gullet  leads 
from  it  to  an  alimentary  canal,  without  marked  distinction 
of  stomach  and  intestine,  which  extends  through  the  body, 
aud  is  connected  by  a  mesentery  with  the  parietee  of  the 
latter.  The  wall  of  the  alimentary  canal  presents  external 
circular,  and  internal  longitudinal,  muscular  fibres,  and  its 
cavity  is  lined  by  a  cellular  endoderm. 

The  body- wall,  or  periaoma,  consists  of  an  external  cel- 
lular ectoderm,  covering  a  layer  of  connective  tissue  within 
which  are  circular  and  longitudinal  muscular  fibres.  The 
latter  are  disposed  in  five  bands,  attached  anteriorly  to  a 
corresponding  number  of  the  pieces  of  a  calcareous  ring 
which  surrounds  the  g^et  (Fig.  136,  E).  The  separate 
ossicles  which  compose  this  ring  are  usually  ten  or  twelve 
in  number,  and  the  &ve  to  which  the  longitudinal  muscles 
are  attached  are  notched  or  perforated  for  the  passage  of 
the  ambulacral  nerves,  which  proceed  from  the  circum- 
oesophageal  nerve  to  the  parietes  of  the  body. 

The  integument  contains  numerous  perforated*  flat,  cal- 
careous plates,  to  which  protruding  anchor-like  hooks  of 
the  same  substance  are  attached  (Fig.  136,  F).  According 
to  Semper,  these  anchor-like  bodies  are  developed  in  special 
sacs  with  an  epithelial  lining.* 

A  spacious  peritoneal  cavity  lies  between  the  parietes 

«  See,  on  thiB  And  all  points  Areh3pelderPhi1ippinen."('WiB- 

relating  to  the  stniotare  of  the  MnscbaftUche  Seniltate,'  sd.  i. : 

HokiJ^indea,  the  beantifal  mo-  Hohihmriem.) 
nognph  by  Seoiper :  **  BeiieB  im 

2  V 
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of  the  body  and  tlie  alimentary  oanal,  and  the  oeUe  wbicb 
line  it  are  more  or  less  extensively  ciliated.  Pednncnlated 
ciliated  cups  are  attached  to  the  mesentery. 

The  circular  yessel  of  the  ambnlacral  system  sorroondB 
the  gallet  below  the  calcareous  ring  (Fig.  1S6,  E,  h).  Pos- 
teriorly, it  gives  off  Tarions  csBcal  prolongations,  which  de- 
pend freely  into  the  peritoneal  cavity.  Some  of  these — ^the 
Polian  venelet — are  mere  csca;  but,  in  addition,  there  are 
one  or  more  tubular  prolongations,  the  perforated  extremi- 
ties of  which  are  invested  by  a  calcareous  network,  and  are 
termed  the  madreporie  caruHs.  Through  the  openings  in 
the  free  end  of  the  madreporie  canal,  the  interior  of  the 
ambulacral  system  communicates  with  the  peritoneal 
cavity.  Anteriorly,  the  circular  vessel  gives  off  branchea 
to  the  tentacula.  These  pass  between  the  calcareous  rin^ 
on  the  outer  side,  and  the  anterior  end  of  the  alimentary 
canal  and  the  nerve  ring,  on  the  inner  side.  As  each  enters 
its  tentacle,  it  dilates  and  sends  down  a  short  csBcal 
prolongation  on  the  outer  side  of  the  calcareous  ring. 
The  ambulacral  vessels  are  filled  with  a  fluid  containing 
numerous  nucleated  cells. 

Contractile  vessels,  which  accompany  the  intestine  and  lie 
on  opposite  sides  of  it,  filled  with  a  similar  corpuscuJated 
fluid,  seem,  notwithstanding  the  difference  in  their  contents, 
to  represent  the  pseud-hsemal  vessels  of  the  Annelids. 
These  vessels  do  not  extend  into  the  parietes  of  the  body. 

The  nervous  system  consists  of  a  ring  which  lies  superficial 
to  the  circular  water-vessel,  and  from  which  five  principal 
equidistant  cords  proceed.  These  x>as8  through  the  apertures 
or  notches  in  the  circum-GBsophageal  plates  already  men- 
tioned, and  each  proceeds  along  the  middle  line  of  one 
of  the  longitudinal  muscular  bands,  to  the  opposite  extre- 
mity of  the  body. 

The  ambulacral  nerves  appear  to  be  hollow ;  or  perhaps 
it  would  be  more  correct  to  regard  them  as  thickenings  in 
the  wall  of  a  neural  canal,  as  they  are  in  the  Agteridea,^ 

*  According  to  Greefr^'Ueber  der  GeBellsohaft  sa  Marlmrg, 
den  Bau  der  Echinodermen/'  1872),  another  canal  Ilea  aaper- 
Ste  MittheUungfSitxungBbericiite      ficial  to  the  ^mbulamral  nerve  in 
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The  genital  gland  is  single,  and  opens  near  the  oral  end 
of  the  body,  in  the  line  of  the  attachment  of  the  mesentery. 
The  branched  cecal  tnbnli  of  which  it  is  composed  contain 
both  ova  and  spermatozoa,  so  that  the  SynaptoB  are  her- 
maphrodite. In  the  majority  of  the  Holotkwridea,  how- 
ever,  the  sexes  are  distinct. 

In  other  HoUdhwridea,  the  skeleton  may  attain  a  much 
greater  development,  and  even  take  the  form  of  conspicuous 
overlapping  plates  {Psohu),  Moreover,  the  circular  vessel 
of  the  ambidacraJ  system  not  only  gives  origin  to  Polian 
vesicles,  madreporic  canals,  and  tentacular  vessels,  but  five 
canaJs  proceed  from  it,  pass  through  holes  or  notches  in 
those  circum-cBsophageal  plates  to  which  the  longitudinal 
mufldes  are  attached,  together  with  the  nerves,  and  run 
backwards,  along  the  centre  of  the  area  occupied  by  these 
muscles,  on  the  deep  or  inner  side  of  the  longitudinal 
nerve.  These  are  the  radial  ambtHacral  vessels.  In 
the  higher  HolathvHdea,  each  radial  ambulacral  vessel 
gives  off  many  lateral  branches;  these  enter  contractile 
processes  of  the  body-wall,  which  subserve  locomotion,  and 
are  the  ambulacrdlfeeiy  suckers,  or  pedicels.  In  accordance 
with  the  disposition  of  the  ambulacral  vessels,  the  pedicels 
are  usually  disposed  in  five  longitudinal  bands,  which  are 
the  ambtilacra.  Sometimes  {Psolus)  the  pedicels  are  sup- 
pressed in  two  of  the  five  ambulacra,  and  the  other  three 
are  disposed  upon  a  flattened  surface  upon  which  the  animal 
creeps. 

In  the  higher  Holothurids,  the  intestine  terminates  in  a 

distinct  cloaca,  into  which  two  hollow  ramified  organs,  which 

lie  in  the  perivisceral  cavity,  open.    The  ramifications  of 

one  of  these  are  received  between  the  meshes  of  a  special 

plexus  of  the  pseud-hsemal  vessels.   -Water  is  taken  into, 

and  expelled  out  of,  the  cloaca  and  these  appendages,  which, 

doubtless,  subserve  an  excretory  function,  and  are  commonly 

called    respiratory    trees.     It    seems    probable    that    the 

the  ^ofolAwidea ;  and  repreeents  ('Jenaische   Zeitschrift,'    1876), 

the  ambulooral  groove  of  the  star-  however,    maintains     that    this 

fishes.    Teuscher,  ^  Beitri&ge  zur  superficial  canal  is  an  artificial 

Anatomie   der   Eohinodermen "  prodnct 

2  H  2 
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Fig.  IM.— %«9i(a  dhUata  ud  Uutn<a  (>ft*c  Bmt>.* 
A.  Lmm,  with  the  bllatarel  cilialed  band,  uid  wbaal^hapad  al- 
orwnu  pIMM.     Tentnl  Tieir.     a,  moatb  and  gullet ;  b,  Homaeb ; 
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Cy  intestiiie  and  anus ;  d^  mob  of  the  enteroecele  (sausage-f  haped 
bodies)  at  the  sides  of  the  stomach ;  «,  mdiment  of  the  ambulaeral 
vascular  system.  B.  Further  advanced  condition  of  the  larva  in 
which  the  oral  aperture  is  obsolete  (the  so-called  *'  pnpa-stage  **\ 
and  the  cilia  are  arranged  in  zones,  i,  tentaeula ;  A,  PoUan  vesicle ;  ^ 
the  longitudinal  muscles  of  the  body-wall.  C,  a  youns  ^naptoj  in 
which  the  ciliated  sones  have  disappeared ;  with  its  five  tentacles 
and  the  wheel-shaped  calcareous  bodies  at  its  hinder  end.  m,  the 
madreporic  canal  which  now  opens  into  the  cavity  of  the  body.  D,  a 
young  S^e^pto  mkeerenB  with  andior^shaped  calcareous  spioula,  except 
at  the  hinder  end  of  the  bodv,  where  they  are  small  and  polygonal. 
£.  Longitudinal  section  of  the  anterior  end  of  the  body  of  an  adult 
Syntqrta  digitata,  a,  perisoma  with  the  longitudinal  muscles  and 
radial  nerve  trunks ;  6,  calcareous  plates  which  surround  the  gullet ; 
c,  tentacular  canals:  <l,  oesophagus;  «,  radiating  muscles  of  the 
pharynx;  o,  di video  ends  of  the  circum-oral  nerve;  h,  oircular 
ambulaeral  vessel  with  Polian  vesicle:  »,  cavity  of  a  longitudinally 
divided  tentacle,  into  which  a  tentacular  canal  opens ;  A,  generative 
esBca;  /,  mesentery  with  the  dorsal  blood-vessel;  m,  *  auditory 
vteicle '  on  the  radial  nerve :  n,  longitudinal  muscles :  o,  tentacular 
pedicels ;  /i,  oral  disk.  F.  Calcareous  plate  and  ancnor  Of  ^lupttt 
inhtgrens, 

ultimate  brandies  of  these  organs  open  directly  into  tlie 
periyisoeral  cavity.* 

The  Oumeritm  organs  are  simple  or  branched  appendages 
of  the  cloaca,  the  function  of  which  is  unknown.  The  in- 
terior of  these  organs  is  occupied  by  a  solid  snbstance« 
sometimes  of  a  viscid  natore.  In  some  Holoihwridea,  the 
anal  aperture  is  provided  with  a  circlet  of  calcareous  plates. 

In  many  of  the  higher  Holothnrids  the  psend-hsBmal 
vascolar  system  attains  a  great  complexity,  and  its  branches 
not  only  extend  over  the  alimentary  canal,  bnt,  as  has 
been  said  above,  closely  embrace  one  of  the  branched 
excretory  organs. 

The  most  aberrant  form  of  this  group  at  present  known 
is  the  genus  Bhopalodina.  According  to  Semper,  the  body 
is  flask-shaped,  and  at  the  narrow  end  of  the  flask  are  two 
apertures.  One  of  these — ^the  mouth — ^is  surrounded  by 
ten  tentaeula;  the  other,  which  is  the  anal  aperture,  is 
encircled  by  ten  papillie,  and  by  as  many  calcareous  plates. 
A  spacious  cloacal  cavity,  provided  with  excretory  organs, 
traverses  the  neck  of  the  flask,  and  opens  by  the  anal 

*  Semper,  foe.  eit.  Heft  iv.,  p.  138. 
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aperture.  The  gollet  is  surrotuided  by  a  ring  of  ten 
calcareoas  plates.  The  genital  duct  is  situated  between 
the  cloaoa  and  the  gullet.  Ten  ambulacra  diyerge  from 
the  centre  of  the  enlarged  aboral  end  of  the  body,  and 
extend,  like  so  many  meridians,  to  near  the  commencement 
of  the  neck  of  the  flask.  In  correspondence  with  each 
ambulacrum  is  a  longitudinal  muscular  band;  and  it  is  an 
especial  peculiarity  of  Ehopalodina  that  five  of  these  are 
attached  to  the  anal  circlet,  and  five  to  the  circum-oBsopha- 
geal  circlet.  Until,  howeyer,  it  has  been  shown  that  the 
circular  ambulacral  yessel  encloses  the  cloaca,  as  well  as  the 
OBBophagus — ^which  is  highly  improbable, — ^it  is  justifiable 
to  assume  that  the  anus  of  Bhopalodina  is  really,  as  in  the 
Crinoidea,  interradial  in  position. 

The  deyelopment  of  the  Holothuridea  is  extremely  instmc- 
tiye.  Yelk-division  gives  rise  to  a  yesicular  morula,  which 
undergoes  invagination,  and  becomes  conyerted  into  an  oyal 
ciliated  gastrula.  The  opening  of  inyagination  becomes 
the  anus,  while  a  mouth  and  g^et  are  produced  by  an 
inyagination  of  the  ectoderm,  near  the  anterior  end  of  the 
body,  which  unites  with  and  opens  into  the  blind  end  of 
the  endodermal  sac,  or  archenteron.  The  completed  ali- 
mentary canal  is  thus  composed  of  a  gullet,  a  rounded 
stomach,  and  an  intestine ;  and  the  cilia  of  the  ectoderm 
usually  become  restricted  to  a  single  band,  bent  upon  itself, 
though  its  general  direction  is  transverse  to  the  axis  of  the 
body  (Fig.  135,  B ;  Fig.  136,  A).  At  a  subsequent  period, 
this  single  band  may  be  replaced  by  a  series  of  hoops  of 
cilia  (Fig.  136,  B).  According  to  Kowalewsky*  the 
embryo  of  Pentacta  doliolv/m  does  not  become  ciliated 
at  all,  and  that  of  Fsolinua  passes  from  the  condition  in 
which  the  cilia  are  dispersed  oyer  the  surface,  directly 
into  one  in  which  it  is  provided  with  five  zones  of  cilia, 
between  two  of  which  the  mouth  opens.  In  this  condition 
it  singularly  resembles  the  embryo  of  ComaMa,  And, 
indeed,  in  the  further  advanced  condition  of  the  Taolinus, 
the  oral  end  of  the  body,  surrounded  by  triangular  cal- 
*  <Mem.  de  I'Acad.  de  St.  PeterabooiK,'  1868. 
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careooB  plates,  within  which  the  tentacles  take  their  origin, 
has  a  striking  resemblance  to  the  oral  end  of  the  young 
Fentacrinoid  larva  of  Cowuxtiila. 

The  peritoneal  cavity  and  the  ambulacral  vessels  take 
their  origin,*  in  a  very  remarkable  manner,  from  the 
archenteron,  before  the  oesophageal  invagination  reaches  it. 
The  anterior  part  of  the  archenteron  gives  off  a  csBcal  process, 
which,  becoming  a  sac,  is  constricted  off  from  the  archenteron 
as  what  Salenka  tenns  a  vcuo-perUoneal  vends.  This  vesicle 
changes  its  position  to  the  left  side  of  the  alimentary  canal, 
and  then  sends  a  narrow  duct-like  diverticulum  towards 
the  dorsal  region  of  the  ectoderm,  which  eventually  coalesces 
with  the  latter,  the  cavity  of  the  diverticulum  opening  on 
the  exterior  by  a  rounded  pore.  The  vaso-peritoneal  vesicle 
now  divides  into  two  portions,  one  of  which,  the  ambulaer<il 
sae,  remains  connected  with  the  exterior  by  the  duct,  and 
constitutes  the  foundation  of  the  whole  of  the  ambulacral 
system  of  vessels ;  while  the  other,  the  peritoneal  sac,  gives 
rise  to  the  peritoneum.  The  former  becomes  five-lobed, 
grows  round  the  g^et,  and  gives  rise  to  the  tentacular  and 
ambulacral  canals  with  the  Polian  vesicle,  or  vesicles ;  while 
the  duct,  detaching  itself  from  the  dorsal  wall,  becomes 
the  madreporic  canal. 

The  latter  divides  into  two  vesicles,  which  arrange  them- 
selves at  the  sides  of  the  stomach.  The  stomach  takes  on 
a  more  cylindrical  shape,  and  these  vesicles  become  the 
''sausage-shaped  bodies'*  (wiirstformige  Korper),  observed 
by  MuUer  (Fig.  136,  A).  They  gradually  increase  in  size, 
and  growing  round  the  alimentary  canal,  unite  above  and 
below  it.  Thus  a  cylindrical  cavity  with  a  double  wall 
is  formed,  between  ihe  endoderm  and  the  ectoderm.  The 
inner  wall  of  the  cavity  applies  itself  to  the  alimentary 
canal,  and  aided  by  the  mesoblastic  cells  which  appear  to 
be  developed  from  the  endoderm,  becomes  the  muscular 

*  See  Metsehnikoff,  '*Stadien  the  very  satisfactory  memoir  of 

liber  die  Entwickelung  der  Eohi-  Salenlca,  ^  Zur  Entvirickeluxig  der 

nodennen     and     Nemertinen**  Holotharien"  (*  Zeitsohxift  far 

(<M<m.  de  I'Acad.  de  St.  Peters-  Wiss.  Zoologie,'  1876). 
boafg,  ziv.,  1869) ;  and  espeetally 


552       THK  UTATOlfT  or  OTTXSTBBBATBD  UmUXS. 

And  pesikiTiMJ  owt  of  that  viicw ;  wbile  the  outer  viU, 
ftttnching  itself  to  the  ectoderm,  or  to  the  vatmMmiitic  oeUi 
which  line  it,  ia,  with  them,  oonverted  into  Uie  mtMoalu 
and  peritoneal  investment  of  the  parietee  «f  tbe  body. 
The  iatenptioe  between  the  two  is  tlie  peritoncttl  cavity. 

Fig.  137. 


Fig.  137.— DevQlopmsnt  of  >  Bolothurid  (after  HGUer}.— A,  Eatly 
eondltlOD  of  the  luv»  {Avrinlaria) ;  g,  the  doretl  pore  of  A,  the 
Binbuliml  mo;  B,  later  M^ga:  e',  Inteitlnei  p,  doml  piav; /,/', 
oiroalar  kmbuluinl  Tesael  with  ila  proloDgkliaiu ;  t,  emlcmrvooM 
i..j_.  J-. ir_i_^. .._.■_  ^_i.i.  -injijij  ciliated  buidi;  y,  nudre- 

In  &a  meanwhile,  the  bodj  of  the  embiyo  elongates,  the 
tontaonla  are  developed  aroimd  the  month,  the  oiliated  bands 
dia^pear,  and  the  Holothurid  Eohinodenn  ie  complete. 

Thna  it  is  olear  that  the  peritoneal  cavity  of  the  Holo- 
thorid  ia  an  enterocoele,  and  that  it  anawera  to  the  peri- 
viaceral  oarity  of  SagiUa,  or  of  the  BracfiMpotUt ;  and 
farther,  that  the  ambulaoral  veeeels  are  aUo  modifications 
of  the  enteroocele.  Moreover,  it  is  obvionB  that  the  etrac- 
tnrea  which  are  developed  between  the  enterooode  and  the 
ectoderm  and  oudoderm,  answer  to  those  which  are  evolved 
from  the  mesoblaat  in  other  imimalB ;  and  that  the  adolt 
Echinodenn  stands  in  the  sams  relation  to  the  BSekino- 
jMBdMMn  sa  an  Annelid  does  to  ita  embryo  j  the  adult  foim 
being  due  to  the  peooliar  arrangement  of  the  parts  de- 
veloped from  the  mesoblast.    No  part  of  the  Eohin^sdinm 
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10  oast  off  in  thie  oonxfle  of  the  dereLopment  of  the  HoUh 

2.  The  ASTBBIDBA. — A.  Star-fish  is  oomparable  to  a 
Holothtuid,  the  amhidacra  of  which  are  restricted  to  its 
oral  half,  flattened  out  so  as  to  hare  a  yery  short  axis; 
-while  its  equatorial  diameter  is  greatly  increased,  and 
produced  in  directions  corresponding  with  each  amba- 
lacrom.  The  resnlt  would  be  a  disk,  haying  the  form  of  a 
pentagon,  or  of  a  fiye-rayed  star,  with  ambulacra  only  on 
that  face  of  the  disk  which  bears  the  month.  Hence  the 
ambnlaeral,  and  the  opposite,  or  amtambulaerfil,  faces  are 
of  equal  extent. 

Most  Agb&ridea  are  like  fire-rayed  stars,  but  some  are 
pentagonal  disks  {ChtmatAmr),  and  some  few  {JSoUuter)  haye 
more  than  fiye  rays.  In  Btitinga,  the  rays  are  mnch  more 
different  from  the  disk  than  nsoal,  and  the  genus  thence 
acqoires  an  outward  resemUance  to  an  Ophiurid. 

All  the  Asteridea  are  proyided  with  a  skeleton  made  up 
of  plates  or  thick  rods,  composed  of  a  dense  calcareous 
network.  A  deep  grooye,  radiating  from  the  mouth  to  the 
end  of  the  ray,  marks  the  position  of  each  ambulacrum, 
and  the  sides  of  this  grooye  are  supported  by  two  series  of 
a/mimULoral  osneleB,  which  meet  and  articulate  together  in 
the  middle  line  or  roof  of  the  grooye.  The  ambulacra! 
nerre  and  canal  lie  superficial  to  these  ossicles.  There  are 
no  oral  tentacula. 

The  fiye-rayed  body  of  the  commonest  of  British  Star- 
fishes,* the  Fiyefinger  {Uraeier,  or  A^ieraeanlkfUm,  rubens), 
presents  an  oral  face,  in  the  centre  of  which  the  mouth  is 
placed,  and  an  opposite  or  aboral  face.  The  hardly-dis- 
cemible  anal  aperture  is  situated  not  exactly  in  the  centre 
of  this  face,  but  dose  to  it.  The  mouth,  which  yaries  yery 
much  in  size,  lies  in  the  middle  of  a  soft  membnnous  orcd 
disk,  A  deep  furrow,  the  aimbulaoral  groove,  occupies  the 
middle  of  the  oral  surface  of  each  ray,  and  is  nearly  filled 

*  Compare  Hofltaann,  '*  Ztor  Aamtomie  der  Asteriden."  0  Nieder- 
laodbehM  Arehiy,*  Bd«  11. 1S74.) 
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hj  contractile  sacker-like  pediceLi,  "with  circular  disooidal 
ends,  apparently  arranged  in  four  longitudinal  series.  The 
deepest  part  of  the  groove  is  at  its  central  end,  where 
its  liQing  passes  into  the  oral  membrane.  The  shaUowest 
parfc  is  at  its  distal  end,  wliere  it  terminates  against  a 
TnivliaTi  projection,  the  peduncle  of  the  eye,  on  the  abond 
side  jof  which  is  the  single  median  ocular  teniacU,  liines 
drawn  from  the  mouth  along  each  ambnlacmm  are  termed 
radii,  and  the  regions  occupied  by  the  ambulacra  are  said 
to  be  radiaL  The  parts  of  the  body  situated  between  the 
ambulacra  are  Merradial.  The  lat^nl  walls  of  tbe  ambu- 
lacral  grooves  of  adjacent  ambulacra  unite  at  the  circum- 
ference of  the  oral  disk,  and  give  rise  to  fiye  interradial 
angles*  On  one  side  of  the  aboral  face  of  the  centre  of  the 
body,  between  the  origins  of  two  of  the  rays,  and  therefore 
interradial  in  position,  is  an  oval  or  somewhat  pentagonal, 
slightly  convex,  porous  plate,  the  surface  of  which  is  covered 
with  narrow  meandering  grooves.  This  is  the  madreporic 
tubercle  or  ma^eporiie. 

The  perisoma,  or  wall  of  the  body,  upon  the  aboral  face, 
and  upon  the  sides  of  the  rays,  is  everywhere  oovered 
with  short  spines.  In  the  intervals  between  these,  groups  of 
delicate  membranous  tubuH,  which  are  closed  at  their  free 
ends,  project.  Small  two-pronged  pincer-like  bodies,  the 
pediceUarioi,  are  attached  to  the  spines  and  to  the  peri- 
soma between  them,  and  during  life  are  seen  to  twist  about 
and  snap. 

The  perisoma  presents,  externally,  a  cellular  ectoderm, 
provided  with  a  thin  cuticle,  which  bears  numerous  cilia. 
Beneath  this  lies  a  mesoderm,  containing  connectiTe  and 
muscular  elements,  in  which  the  calcareous  structures 
which  constitute  the  skeleton  are  lodged.  On  the  inner 
side  of  the  perisoma,  a  ciliated  epithelium  lines  the  peri- 
visceral cavity. 

The  separate  elements  of  which  the  skeleton  is  composed 
may  be  divided  into  three  groups :  the  ossicuUi,  which,  joined 
end  to  end  and  united  by  connective  and  muscular  tissues, 
constitute  the  chief  framework  of  the  body;  the  ^Btnes, 
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attached  to  the  oedcnla  by  ligamentoos  fibres  at  one  end, 
and  free  at  the  other ;  and  the  calcareouB  stractnres  con- 
tained in  the  pediceUarioB.  On  the  antambulaoral  wall  of 
the  body,  the  ossicnla  are  elongated  rods  of  very  nnequal 
lengths,  united  together  in  such  a  manner  as  to  leave  poly- 
gonal; rounded,  or  elongated,  meshes.  The  sides  and  roof 
of  each  ambulacral  groove,  however,  are  bounded  by  two 
series  of  regularly  disposed  and  similar  cmbvlaeral  oeaiclea, 
which  lean  against  one  another  in  the  middle  line  above, 
diverge  so  as  to  enclose  the  ambulacral  groove,  and,  at 
their  outer  ends,  abut  upon  thick  short  adambulaeral 
ossicles,  which  lie  at  the  sides  of  the  groove  (Fig.  139,  D). 

Between  every  two  ambulacral  ossicles  in  the  same  half 
of  the  ambulacrum  there  is  a  canal,  formed  by  the  junction 
of  notches  in  the  oral  and  distal  faces  of  the  two  ossicles. 
Consequently  there  is  a  half-pore  on  the  oral,  and  another 
half-pore  on  the  distal  face  of  each  ossicle.  The  half- 
pore  on  the  oral  face  is  always  internal  in  position  to 
the  half -pore  on  the  distal  face,  and,  as  the  part  of  the 
ambulacral  ossicle  which  lies  between  the  two  is  thin, 
the  row  of  pores,  though  it  is  really  single  and  bent  in 
a  sharp  zigzag,  appears  at  first  sight  to  be  double.  The 
ducts  which  connect  the  ambulacral  vesicles  with  the 
pedicels,  traverse  these  pores ;  and  the  comparatively  large 
and  very  flexible  and  extensile  pedicels  are  thus  so  closely 
packed  together,  that  they  appear  to  form  a  double  row, 
on  each  side  of  the  middle  of  the  ambulacrum. 

At  the  circumference  of  the  oral  disk,  the  ossicles  of  the 
ambulacra,  diminished  in  size  and  closely  united  together, 
form  a  pentagon,  the  angles  of  which  answer  to  the  ends  of 
the  ambulacral  grooves,  round  the  oesophagus.  The  con- 
joined outer  ends  of  the  pair  of  ambulacral  ossicles  nearest 
the  mouth  projeot  on  the  oral  face,  outside  the  buccal  mem- 
brane, as  &Ye  vertical  crests,  armed  with  strong  spines, 
which  are  beset  with  pedioellariso.  In  coirespondence 
with  these,  five  falciform  folds  of  the  perisoma,  more  or 
less  calcified,  project  into  the  cavity  of  the  body.  They  are 
interradial  in  i>OBition,  and  extend  up  to  the  aboral  waU. 
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Their  inner  edges  are  free,  and  look  toiTBids  the  Btomach; 
with  one  of  them,  the  madreporic  canal  and  the  siniii 
which  acoompanies  it,  are  cloeelj  connected. 

The  spines  are  more  or  lese  moreably  xmited  with  the 
oflsicula,  but  there  are  no  such  regolar  joints  as  are  met 
with  in  the  J^«f»u2ea.  Thej^ecfieeUaruBaresapported  apon 
short  flexible  peduncles.  The  skeleton  of  each  consiBtB  of 
two  blades  articulated  with  a  basal  piece.  From  the  oentre 
of  this  very  strong  adductor  muscles  proceed  to  the  inn^ 
faces  of  the  blades,  and  weaker  fibres,  attached  to  the  exterior 
and  to  the  outer  faces  of  the  bases  of  the  bUides,  act  as 
divaricators. 

The  g^et  opens  into  a  wide  stomach  produced  into  &Te 
large  cardictG  saes,  the  walls  of  which  are  subdivided  int<o 
many  sacculi.  Each  cardiac  sac  is  radial  in  position,  and 
maj  extend  a  short  way  into  the  cavity  of  the  arm  to 
which  it  corresponds.  On  the  aboral  side  of  these  sacs, 
the  alimentary  canal  suddenly  narrows,  and  then  dilates 
again  into  a  shallow,  but  wide,  pentagonal  pyloric  sae,  the 
angles  of  which  are  produced  into  &ye  tubes.  Each  of 
these  passes  along  the  middle  of  the  aboral  &ce  of  a  ray, 
and  divides  into  two  branches,  which  run  parallel  with  one 
another  through  half  or  two-thirds  the  length  of  the  ray, 
and  end  blindly.  The  branches  give  off  numerous  c»cal 
dilatations,  arranged  in  pairs  on  opposite  sides,  and  these 
hang  down  into  the  cavity  of  the  ray.  The  edges  of  the 
pentagonal  pyloric  sac  and  the  aboral  faces  of  its  sacculated 
branches  are  connected  by  mesenteric  folds  with  the  aboral 
perisoma.  The  oral  faces  of  the  cardiac  sacs  are  similarly 
connected  by  pairs  of  mesenteric  folds  with  the  sides  of 
the  corresponding  series  of  ambulacral  ossides.  The 
aboral  face  of  the  pyloric  sac  presents  an  aperture  dosed 
by  projecting  valvular  folds,  which  leads  into  the  short 
tubular  intestine.  The  latter  terminates  in  a  minute 
anal  pore,  situated  nearly  in  the  centre  of  the  aboral 
face  of  the  body.  The  intestine  receives  the  duct  of  a 
csdcum  divided  into  two  main  branches,  each  of  which 
has    many  minor  subdivisions.     If  the  i^wi»«i^ij  having 
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its  month  downwards,  is  dirided  into  two  halves,  by  a 
Tertical  plane  passing  through  the  month,  the  central 
point  of  the  aboral  face,  the  madreporic  tnbercle,  and 
the  middle  line  of  the  ray  opposite  to  the  tubercle;  and 
if  this  ray  is  anterior ;  then  the  anns  opens  into  the  left 
posterior  interradial  space,  and  the  csBca  lie  partly  in  this 
and  partly  in  the  left  anterior  interradial  space. 

The  nervons  *  and  yascnlar  systems  of  the  Star-fish  are 
so  closely  related  to  one  another  that  they  may  be  best 
considered  together,  and  as  there  is  least  difficnlty  in 
malring  ont  their  arrangement  in  the  ambulacra,  the  study 
of  them  may  be  commenced  in  this  region. 

When  the  suckers  of  an  ambulacrum  are  carefully  cut 
away,  a  longitudinal  ridge  is  seen  to  lie  at  the  bottom  of 
the  groove  between  their  bases.  This  ridge  is  the  ofmbuk^ 
oral  nerve.  Followed  to  the  apex  of  the  ray,  it  ends  upon  the 
eye  and  its  tentacle ;  in  the  opposite  direction,  it  reaches  the 
oral  disk,  at  the  periphery  of  which  it  divides,  and  skirting 
the  margins  of  the  disk,  joins  the  branches  formed  by  the 
bifurcation  of  the  adjacent  ambulacral  nerves,  thus  giving 
rise  to  a  subpentagonal  ring  round  the  mouth. 

The  eye  f  is  a  thick  cushion-like  expansion  of  the  ectoderm 
continuous  with  the  ambulacral  nerve.  In  it  are  imbedded 
many  dear  oval  bodies  surrounded  by  pigment,  which 
appear  to  represent  the  crystalline  cones  of  a  compound 
eye. 

The  tentacle  which  lies  on  the  aboral  side  of  the  eye, 
resembles  one  of  the  pedicels  in  structure,  but  has  no 
terminal  sucker;  its  function  appears  to  be  tactile. 

In  a  good  transverse  section  of  one  of  the  arms  or  rays 
of  the  Star-fish,  the  nerve  is  seen  to  be  a  band-like  thicken- 
ing of  the  ectoderm,  the  cells  of  which  have  become 
peculiarly  modified,  but  which  is  continuous  laterally  with 
the  ordinary  ectodermal  covering  of  the  pedicels.  This 
band-like  nerve  constitutes  the  superficial  waU  of  a  canal, 

*  See  Wikon,  **  The   nervouf  Teuscher  cited  below, 

gyttemof  theAsterida''(*Trang.  f  Conf.    Uaeckel,    <Zeit   fOr 

Linne«n  Sooietv,'  1862),  and  the  Wi88.  Zoologie,*  1860. 
later  contrlbatioiis  of  Profeftor 
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whicli  extends  through  the  whole  length  of  the  ambiilacnim 
and  may  be  termed  the  amhtdaordl  neurcd  €(mal.  It  is 
diyided  hy  a  longitudinal  septum.  At  its  oral  end,  as  has 
been  seem,  each  ambulacral  nerre,  when  it  reaches  the  oral 
membrane,  diyides  into  two  divergent  branches,  which 
unite  with  the  corresponding  branches  of  the  other  ambu- 
lacral nerres  to  form  the  oral  ring.  Answering  to  the 
latter  is  a  wide  circular  newroU  carial,  into  which  the  ambu- 
lacral neural  canals  open. 

In  the  transverse  section  of  the  arm,  a  second  and  much 
larger  canal  is  seen  to  lie  between  the  conjoined  ends  of 
the  ambulacral  ossicles  and  a  strong  septum,  containing 
transverse  fibres,  which  separates  it  from  the  neural  canaL 
This  is  the  radial  canal  of  the  ambulacral  system  of 
vessels.  At  its  oral  end  it  opens  into  the  eUrewmordl 
ambulacral  veeael  which  lies  dose  to  the  ossicles  to  which 
the  margins  of  the  oral  membrane  are  attached.  From 
opposite  sides  of  the  radial  canal,  short  branches  are  given 
off,  which  pass  between  the  ambulacral  ossicles,  and  each 
opens  into  the  neck  of  a  relatively  large  sac,  with  muscnlar 
walls  {ambulacral  vecicU),  which  lies  on  the  aboral  face  of 
the  ambulacral  ossicles  in  the  interior  of  the  ray.  The 
neck  of  the  ambulacral  vesicle  passes  in  the  opposite 
direction  into  one  of  the  pedicels.  Thus  the  ambulacnd 
vessel  communicates  with  the  cavities  of  all  the  pedicels 
on  the  one  hand,  and  with  the  cavily  of  the  Gircumoral 
ambulacral  vessel  on  the  other.  Five  pairs  of  small 
eminences,  consisting  of  cssca  which  open  into  the  cir- 
cumoral  vessel,  are  seated  upon  it;  and  from  one  part 
of  it,  opposite  one  of  the  interradial  falciform  folds  already 
mentioned,  springs  a  canal,  which,  taking  a  sinuous  oouise, 
passes  to  the  aboral  face  and  terminates  beneath  the  ma- 
dreporic  tuberde;  this  is  the  madr^poric  canal.  It  is  not 
a  simple  tube,  but,  as  Sharpey  first  observed,  its  walls  are 
doubly  involuted  so  as  partially  to  obstruct  its  cavity,  and 
it  is  strengthened  by  annular  calcifications.  The  pores  of 
the  madreporic  tubercle  place  the  cavily  of  the  madieporic 
canal  in  communication  with  the  exterior,  whence  it  follows 
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that  the  oaritieB  of  the  whole  ambolacral  system  must  be 
directly  aocessible  to  the  sea-water  in  which  the  Star-fish 
liyes.  The  madreporic  canal  is  inyested  by  the  lining  mem- 
brane of  the  peritoneal  cavily.  This  incloses  a  sinns^ 
which  accompanies  the  madreporic  canal,  and  into  the 
interior  of  which  a  fold  projects. 

There  is  no  great  difficolly  in  ascertaining  the  existence 
of  the  stmctures  which  have  now  been  described,  and 
all  anatomists  are  agreed  as  to  the  nature  of  the  ambu- 
lacral  system.  But  whether  the  nenral  canals  are  to  be 
considered  as  a  special  system  of  blood-yessels,  and  the 
sinus  which  accompanies  the  madreporic  canal,  a  heart,  as 
is  usually  assumed,  appears  to  me  to  be  Tery  doubtful.*  I 
am  disposed  to  think,  in  fact,  that  not  only  these  canals, 
but  the  circular,  or  rather,  pentagonal  yessel  which  has 
been  described  as  situated  on  the  aboral  face  of  the  body, 
around  the  anus,  giving  off  Tarious  branches  to  the  yiscera 
and  communicating  with  the  so-caUed  heart,  are  mere  sub- 
diyisions  of  the  interval  between  the  parietes  of  the  bodj 
and  those  of  the  alimentary  canal,  arising  from  the  dis- 
position of  the  ambulacral  vessels  and  that  of  the  walls 
of  the  peritoneal  cavity ;  both  of  which,  as  their  development 
shows,  are  the  result  of  the  metamorphosis  of  saccular  diver- 
ticula of  the  alimentary  canal,  which  have  encroached  upon, 
and  largely  diminished,  the  primitive  perivisceral  cavity 
which  erists  in  the  embryo. 

The  peritoneal  cavity  of  the  body  and  rays  is  filled  with 

*  Since  Tiedemann't  timcL  the  it  and  with  the  neoral  canals, 

presence  or  absence  of  a  blood-  But  it  does  not  appear  to  me  that 

vascular  system  in  the  Starfishes  the  facts,  as  they  are  now  known, 

has  been  alternately  asserted  and  justify  the  assumption  that  these 

denied.     The  recent   investiga-  canals  constitute  a  distinct  system 

tions  of  Greef,  <*  Ueber  den  Ban  of  blood-vessels.    Injections  show 

der  Eohluodermen  "  (*  Marburs  that  all  these  canals  communicate 

Bitsungsberichte,'  1871-2),  Hofi^  with  the  ambulacral  vessels,  and 

man  (1.  c),   and   of  Teuscher,  with  the  exterior,  by  means  of 

**  Beitrilge    zur    Anatomic    der  canals  in  the  madreporic  tnb^cle 

Echinodermen"(*Jenai8cheZett-  which    open    partly    outwards, 

schrifL'  Bd.  x.),  are  in  favour  of  partly  into  the  madreporic  canal, 

the  existence  of  the  '  anal  ring:,'  and  partly  into  the  sinus  which 

and  of  an  extensively  ramified  accompanies  it,  and  commnnicates 

system  of  canals,  connected  with  with  the  cireumoral  neural  vessel. 
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a  waieiy  ooxpiuoalated  fluid ;  a  suBilar  fluid  is  found  in  the 
ambnlacral  Teasels,  and  probably  fills  all  the  canals  wbidi 
bare  been  described.  The  oorpusoleB  are  nucleated  oeUs, 
which  exhibit  amoaboid  moYenusnts;  and  the  fluid  so  ob- 
▼ioufily  represents  the  blood  of  the  higher  animals,  that  I 
know  not  why  the  preposterous  name  of  **  ehylaqueous 
fluid "  should  have  been  indented  for  that  which  is  in  no 
sense  "  chyle,"  though,  Uke  other  fluids  of  the  living  body, 
it  contains  a  good  deal  of  water.  As  the  cavities  of  the 
tubular  csBca  of  the  perisoma  communicate  freely  with  the 
general  cavity,  and  their  walls  share  in  the  general  ciliation 
of  the  lining  of  the  cavity,  it  is  very  probable  that  they 
may  subserve  the  function  of  respiration. 

The  genital  glands  are  situated  in  pairs,  interradially,  at 
the  junction  of  the  body  with  the  rays.  Each  gland  is 
divided  into  a  number  of  elongated  processes,  the  common 
base  of  which  is  attached  to  the  face  of  one  of  the  inter- 
radial  septa,  while  the  processes  project  freely  into  the 
cavities  of  the  arms.  According  to  Hoffmann  and  Greef, 
the  inner  cavities  of  the  genital  processes  are  filled  when 
the  vascular  system  is  ii^eoted.  It  is  possible,  therefore, 
that  the  genital  glands  are  merely  processes  of  the  meso- 
dermal layer,  in  the  walls  of  which  the  genital  products  are 
developed;  in  which  case  there  would  be  a  dose  approxi- 
mation between  the  genital  glands  of  the  Star-fishes  and 
those  of  the  Orinoids.  According  to  Greef,  the  external 
openings  of  the  genital  glands  are  visible  in  Uratier,  in  the 
breeding  season ;  in  other  Star-fishes,  they  are  conspicuous 
in  the  interradii  of  the  aboral  face  of  the  body.  In  Lwidea, 
Ophidiagter  and  some  other  genera^  the  glands  extend  far 
into  the  interior  of  the  arms,  and  Prof.  G.  O.  Sars*  has 
pointed  out  that,  in  Brisinga  endeeaenemos,  the  genitalia 
are  numerous  distinct  glands,  arranged  in  two  series,  one 
on  each  side  of  the  middle  line  of  the  central  half  of 

*  'Reeearohes    on   the  Struo-  proves   that   Brisutoa  ii  a  true 

tore  and  Affinity  of  the  genns  Asterid,  and  not,  ae  has  been  eap- 

BrtMrnga^*    1870.     In    this    im-  posed,  a  transitional  form  between 

portant     memoir    the      author  the  A^Uridea  and  the  Opihimridai, 
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each  n,y.    Each  of  these  oTHriee  or  testes  haa  a  separate 
spertore. 

In  some  Star-fiBhen,  as  in  Bene  Holothnride,  die  embrjo 
passes  into  tbe  Star-fisli  form  without  any  free  larral  stage. 
But,  more  tisii^j,  an  EchuiopEediiim  is  formed  in  the  eame 
V117  as  in  the  Holothurians,  though  it  presents  differences 
In  the  BTTangemmt  of  its  ciliated  bands,  and  especially  in 
their  prolongation  into  nnmeroos  lobes  or  narrow  processes, 
as  in  the  remarkable  form  originally  named  Bifnnnaria. 
(Fig.  185,  D  D',  and  Fig.  138.)  It  has  no  calcurcionB 
skeleton. 

Fig.  138. 


m<liTn«nt  oT  Uw  SIu^Htti,  a,  mouTb;  b,  fEOoyhago*}  c^  itoniBch; 
c',  inteitlTie;  0,  uui;  x,  Tcatrnt;  y.  dorasl  «lde  oTthe  uilctiot  end 
of  the  bod;;  if,  (T,  dllkCed  bsnda;  h,  eme»[  dirtititiaiam  fbtmlug 
the  rudimenC  of  the  unbalacral  vaKular  aystem,  and  apenlog  ti- 
tenull;  bj  tha  pore  g. 

According  to  the  observations  of  Prof.  A.  Agassiz,*  nhich 
have  been  confirmed  by  Uetachnikoff  and  Greef,  the  ambn- 
lacral  reesels  commence  a*  diverticnla  of  the  stomach, 
which,  becoming  detached  from  the  alimentary  canal,  give 
rise  to  tiie  peritenaal  cant;,  and  to  all  the  substance 

;  V  the  Star-       mentof  whioh  I«d«cribediiith<« 
lorlaat  netnoir,  un  ^ifcTanM- 

mpallUiuiiniA.lmjIhiiU. 

le  ipedn,  the  iletetep- 
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of  the  body  between  the  endoderm  and  the  ectodmn.* 
A  portion  of  one  of  these  diverticula,  however,  a^wrates 
iteelf  from  the  rest,  opens  externally  by  a  pore,  and  becomes 
metamorphosed  into  the  ambnlaeral  vessels.  But  this 
ambnlacral  diverticnlnm  does  not  surround  the  g^nllet,  and 
consequently  a  new  month  is  developed  in  the  centre  of  the 
ambulacra!  ring.  The  larval  mouth  and  gullet  are  abolished, 
and  the  greater  part  of  the  body  of  the  Echinopeedinm  ii 
separated  from  that  portion  which  contains  the  stellate 
Echinoderm.  The  latter  results  from  the  metamorphosis 
of  the  mesoderm,  which  is  modelled  upon  the  different 
divisions  of  the  enterocosle,  and  encloses  the  middle  portion 
of  the  alimentary  canal.t 

The  Ophixisidba. — ^The  brittle  Stars,  though  they  re* 
semble  the  ordinary  Star-fishes  in  form,  differ  essentially 
from  them,  not  only  in  the  structure  of  their  skeleton,  bat  in 
the  characters  of  the  EchinopeBdium.  The  ambulacra  are 
confined  to  the  oral  aspect  of  the  body,  so  that,  as  in  the 
Asteridea,  the  ambulacra!  and  oral,  the  antambulacral  and 
the  aboral  surfaces,  respectively  coincide^  The  mouth  is 
situated  in  the  centre  of  the  oral  face,  but  no  groov^es 
radiate  from  it  along  the  ambulacra,  which  are  covered  by 
a  series  of  plates  of  the  skeleton.  The  alimentary  canal 
is  a  simple  gastric  sac  without  csca,  and  has  no  intestine 
or  anus.  In  contradistinction  from  the  Star-fishes,  the 
prolongationa  of  the  peritoneal  cavity  into  the  rays  are 
very  narrow* 

The  typical  Ophiwid&a  possess  a  very  complete  calcareous 
is/keleton ;  which,  on  the  body  and  on  the  exterior  of  the 
rays,  has  the  form  of  plates.  On  the  body,  the  disposition 
of  these  varies  much ;  but  five  of  them,  which  are  situated 

*  Probably  independently  de-  ccmMmm)  rvfttfnt,  the  Imrval  form 

veloped  mesoblastic  eells  contri-  of  which  resembles  the  A^/imaria 

bate  to    the  formation    of   the  and  Bntduolaria  of  HeLsingfon, 

mesoderm  as  in  the  Holothorids.  described  by  Miiller.    Partheno- 

t  Greef(/.c.)has  worked  out  the  genesis  appears  to  oocnr  in  this 

development  of  Uratter  (^Aateror  Star-fish. 
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interradiallj  in  tlie  iieiglibotirhood  of  the  month,  are  often 
larger  than  the  others,  and  are  termed  Kuia  buccalia. 

Each  ray  contains  an  internal  solid  axis,  composed  of  a 
single  series  of  quadrate  axial  ossicles  (Fig.  189,  G,  a),  each 
consisting  of  two  lateral  halves  nnited  by  a  longitudinal 
sntnre  and  articulated  together  by  tenon  and  mortice  joints 
upon  their  terminal  surfaces.  Each  of  these  ossicles  (which 
are  sometimes  termed  verfebroZ)  is  surrounded  by  four  plates ; 
one  median  and  antambulacral  (Fig.  139,  0,  h),  two  lateral 
(Fig.  189,  B,  c)  and  one  median  and  super-ambul^cral  (Fig. 

Fig.  139. 


Fiff.  139.— A,  Tentrtl,  B,  latent,  yiews  of  a  ray  of  Ophiura  texhtrata 
(after  MiiUer).  C,  transverse  section,  a,  axial  or  '* vertebral" 
ossicle  of  ray ;  6,  antambulacral  plate ;  o,  lateral  plate ;  d,  ventral  or 
snperambalacral  plate.  D,  secnon  of  a  ray  of  an  Asterid,  Attn}- 
peetem  aurantiaew  f after  Gaudry).  a,  ambulacral  or  "  vertebral  *' 
ossicles ;  b,  adambalacral  ossicles ;  c,  e\  marginal  ossicles ;  d^  pazillw 
of  antambulacral  surface. 

139,  A,  d).  The  lateral  plates  may  meet  in  the  middle  line  on 
both  the  ambulacral  and  the  antambulacral  faces.  Between 
the  lateral  plates  are  the  apertures  by  which  the  pedicels 
make  their  exit.  The  oral  aperture  is  surrounded  by  five 
oral  angles,  each  of  which  consists  of  five  pieces.    The  two 

2  o  2 
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oouBtitiieiiU  of  the  arial  ossiole  which  lies  at  the  oral  end 
of  a  ray  become  moreably  artioulated  with  one  anotiitf » 
while  each  ankjloMs  with  an  interambulaonil  piece.  Tnms- 
irene  mascles  connect  the  two  interambalacral  pieces,  tiie 
oiml  edges  of  which  are  articulated  with  a  long  narrow 
plate,  the  torus  angukurU  (Fig.  140,/).  The  free  surfaoe  of 
the  ioriM  anguhins  Ilea  in  the  walls  of  a  sort  of  vestibule  in 
front  of  the  moath»  A  number  of  short  flat  processes,  tiie 
pcdfB  angularM,  are  articulated  with  it  and  moTod  bj  special 
muscles.  They  doubtless  perfonn  the  function  of  teeth. 
Itudimentarj  representatives  of  the  calcareous  ring  of  the 
Holothwridea  and  of  the  parts  of  the  lantern  of  the  Echtrndea 
exist  as  delicate  calcareous  plates,  which  lie  on  the  circular 
ambulacral  vessel.  The  latter  is  usually  provided  with 
c»cal  appendages,  or  Polian  vesicles.  The  madreporic  canal 
ends  on  the  surface  of  one  of  the  scuta  hueealia ;  the  radial 
ambulacral  veasels  run  in  the  arch  between  the  axial  oesicleB 
and  the  super-ambulacral  plates.  The  nerve  lies  superficial 
to  the  super-ambulacral  vessel,  but  is  also  covered  by  the 
super-ambulacral  plate.  A  neural  canal  lies  between  the 
nerves  and  the  ambulacral  vessels.  The  pedicels  are  tenta- 
culiform,  and  have  no  vesicles  at  their  bases.  The  genital 
glands  are  lodged  in  the  disk,  and  pour  their  products  into 
the  peritoneal  cavity,  which  communicates  freely  with  the 
exterior  by  vertically  elongated  apertures  placed  inter- 
radially  on  its  margins.*  According  to  Metschnikoff, 
Ophiol^pis  squamata  is  hermaphrodite. 

The  early  conditions  of  the  embiyos  of  most  Ophiiuiridea 
are  similar  to  those  of  other  Echinoderms,  and  acquire  the 
characteristio  bilateral  ciliated  zone;  but  in  some,  the 
embryo  does  not  become  an  Echinoposdfvwn,  but  passes 
directly  into  the  adult  condition.    Thus  Krohn  discovered 

*  Muller,  *<  Ueber  den  Bau  der  apparently  c«cal  divertioala  of 

Echinodermen'XAbh.Berl.Akad.  the    oiroular  unbulactal  canal, 

1853) ;  Teuscher  (1.  o.);  S^imrook,  and  of  the  necks  of  the  Polian 

'*  Anatomie  und  Sohiaogonie  der  vesicles  (vom  ambuUuralia  cam) 

OphiaetiM   vtretu**     T* S^itsohrift  which    traverse    the   peritoneal 

fSt  iViss.  Zoologie,'  1876).    The  cavity  in  all  dhrectloni. 
llatter  writer  deecribei  nnmeroni 
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that  the  woibrjo  ot  Ophiohpi*  ailiofa  is  deTeloped  within 
the  body  ct-vitj  of  the  parent,  to  which  it  adherei  bj  » 
kind  of  pedioel.  When  an  Eohinopadittm  itaga  eziato,  the 
ItuTB  ie  a  Flui«u»  (Fig.  136,  0  O').  The  doraal  waU  of  the 
bodj  of  the  embiTo  exbiblts  a  in«dian  eonioal  ontgrqw^  i 
aiong  the  oonrM  of  the  ailiated  band  ajnunetrioally  dia< 
poaed  prooenea  are  developed ;  and  theoe  ontgrowtht  are 
■npported  b;  a  oaleareooi  skeleton,  whioh  ie  also  bilat«nJl]r 
•ymmetricaL  lieleohnikofF*  has  made  the  intereatiiig  ob- 
•erration  that  in  an  Ophiorid  (prohaibly  OpKiatkrmfi'iigHii*) 
the  whole  wjaiaa  of  pariTlBoeral  and  ambalacral  eaTitiea 

Fi(- 140. 


Fi)t,  14^.— A,  OpAMepk  clliaia,  oral  ikBleton  from  wlthtn  ^sflcr 
MSllei).— «,  dona]  BUginal  pUte*  i  b,  Tentnl  pUM ;  d,  TNtabnl 
OMicleii  >,  iBt«rmaibulaonl  pieces  of  oral  aagt« ;  f,  tonu  ugu- 
Ivli;  g,  aperture*  (br  onl  tentaclee;  li,  poiltlOD  of  uerroui  oollw; 
1,  iBpnaeloB  of  cireaW  BinbDlaond  Tewel ;  i,  ortflee  in  ike  flnt 
mmbalui*!  pUI«  for  the  taatMulBr  bnoch  of  tbe  onl  tsimI  :  o, 

51i.    uioukree.     B,  Aftreph^lim,  onl  ikelcton  iflBB  ftnm  wictala 
FtcrMDlIei):  m  u,  periiloiaisl  plalea ;  other  lett«n  M  In  A. 

ariaea  from  two  bodiee,  one  litnated  on  each  side  of  the 
gullet,  vbieh  are  BoUd,  thoogh  it  is  possible  tb&t  the;  ma; 
primitiTelj  hare  been  hollow  divertdcula  of  the  arobenteron. 
Two  cellolar  nussea  become  detached  from  these  bodies, 
apply  themaelvea  to  the  sides  of  the  stomach,  and  are  eon- 
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yerted  into  disks,  from  which  the  parietal  and  risceral 
walls  of  the  peritoneal  cavity  take  their  origin.  The  rest 
of  the  solid  body  on  the  left  side  of  the  gullet  acquires  a 
yesicnlar  character,  opens  by  a  dorsal  pore,  and  grows 
round  the  gullet,  to  give  rise  to  the  circular  ambulacral 
yessel.  The  other  solid  body  disappears.  The  mouth  of 
the  Echinopsedium  becomes  that  of  the  Ophiurid. 

It  cannot  be  doubted  that  these  solid  bodies  take  their 
origin,  in  the  same  way  as  in  other  Echinopsedia,  from  the 
hypoblast;  and  thus  the  question  arises,  how  far  does  the 
mesoblast  thus  formed  differ  from  that  which  arises  by 
the  mere  outgrowth  of  cells  from  the  hypoblast,  as  in  the 
Dog-fish,  and  how  far  does  this  case  tend  to  render  it 
probable  that  a  schizocoele  is  only  a  modification  of  an 
enterocoBle  P 

The  Echikidba. — ^An  ordinary  Sea-urchin  is  comparable 
to  a  Holothurid,  with  the  body  distended  into  a  more  or  less 
globular  form,  and  with  a  skeleton  in  the  form  of  regular 
plates  arranged  in  meridional  series;  those  plates  which 
correspond  with  the  ambulacral  yessels  being  superficial  to 
the  latter,  and  consequently  perforated  by  the  canals  which 
pass  from  the  ambulacral  yessels  to  the  pedicels. 

In  the  Echinidea,  as  for  instance  in  the  ordinaiy  Echinut 
or  Sea*urchin,  the  perisoma  round  the  mouth  (jperistome) 
is  usually  strengthened  for  some  distance  by  irregular  oral 
plates.  In  addition,  ten  rounded  plates  are  placed  in  pairs 
close  to  the  Up;  these  support  as  many  pedicels  and  are 
perforated  by  the  canals  of  the  latter.  A  much  smaller 
space  around  the  anus  {peripraci)  is  similarly  protected  by 
anal  plates.  The  rest  of  the  body  is  supported  by  a  con- 
tinuous wall  made  up  of  distinct,  more  or  less  penta- 
gonal plates,  usually  firmly  united  by  their  edges,  which 
is  called  the  corona.  Of  these  plates  there  are  twenty 
principal  longitudinal  series,  constituting  the  great  mass 
of  the  corona ;  and  ten  single  plates,  which  form  a  ring 
around  its  aboral  or  apical  margin.  The  twenty  series 
of  longitudinal  plates  are  disposed  in  ten  double 
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five  ambulaeral,  and  five  inter-ambtilacral — altemating  witli 
one  another  tliFOTighoiit  the  circumference  of  the  corona. 
Sach  donble  series  of  plates  presents  a  zigzag  sutnre  in 
the  middle  line,  formed  by  the  altemating  arrangement  of 
tbe  triangular  extremities  of  its  component  elements.  The 
sutures  between  the  respective  series  of  ambulacra!  and 
interambulacral  plates,  on  the  other  hand,  are  less  obvious 


Fig.  141.— Diagnm  exhibiting  the  relations  of  the  different  systemt  of 
orsant  in  an  JSehmu».—a,  mouth:;  6,  teeth ;  Oy  lips ;  d,  alveoli ;  «, 
fafces ;  /,  auriculae ;  y,  retractor,  and  A,  protractor  muscles  of  lantern ; 
i,  madreporic  canal ;  A,  circular  smibulaoral  vessel ;  I,  polian  vesicle ; 
iMy  n,  o,  anbulacral  vessel ;  d,  pedal  vesicle ;  9,  9,  pedicels ;  r, 
it  is 


spine;  «,  tubercle  to  which 


articulated;  £,  pedicellarise ;  ti, 


anui;  v,  madreporic  tubercle;  jt,  ocular  spot. 

and  more  straight.  Each  ambulacral  plate  is  subdivided 
hy  a  greater  or  less  number  of  sutures,  which  traverse  it 
obliquely,  into  a  corresponding  number  of  minor  plates; 
and  these,  inasmuch  as  they  are  perforated  by  the  canals 
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or  poreB,  which  give  exit  to  the  two  TesBeU  wherabj  each 
pedicel  is  plaoed  in  oommunication  with  ita  baaal  Teaioles 
and  with  the  ambalaoral  Yeaael,  are  oalled  pore  plaU$. 
Throughoat  the  greater  part  of  the  length  of  an  ambnla- 
cram  of  the  oommoa  JBek%nu$  aphcera  (Fig.  142,  A)  each 
ambolacral  plate  is  thaa  divided  into-  three  pore  plates, 
tTaYerBed  altogether  by  six  pores  or  short  caauils.  The 
outer  openings  of  these  canals  are  arranged  doee  together 
in  pairs  npon  little  excavated  shield-shaped  eleTations,  or 
vmhanes,  sculptured  on  the  outer  or  interambulacral  half 
of  the  face  of  the  ambulacral  plate;  but  their  inner 
extremities  are  much  wider  apart.  A  pore  plate,  or  sub- 
division of  the  ambulacral  plate,  thus  correq^nds  with 
each  pair  of  pores,  and  therefore  with  each  pedicel 
liov^*  has  shown  that  the  pore  plates  are  the  primitiTe 
ambulaeral  ossicles  in  the  Sohinoidea.  At  its  apical  ex- 
tremity, in  fact,  the  ai^ibulacrum  is  composed  of  onlj 
two  small  ossicles  which  meet  in  the  middle  line.  Each 
of  these  primitive  ambulacral  osfiicles  is  perforated  bj 
a  single  or  double  pore  for  the  pedicel  which  it  bears. 
But  as,  in  the  course  of  the  growth  of  the  corona,  new 
primitive  ambulacral  ossicles  are  added  between  the  ocular 
plate  and  those  already  formed,  the  latter  shift  towards 
the  oral  end  of  the  ambulacrum  and  grow,  in  correspondence 
with  the  larger  space  which  they  have  to  fiU.  But  they 
grow  unequally ;  and  while  all  retain  their  primitive  con- 
nexions with  the  adjacent  interambulacral  plates,  some 
lose,  while  others  retain  their  median  union  with  the 
corresponding  ossicles  of  the  same  ambulacrum.  The  former, 
therefore,  are,  as  it  were,  pushed  away  from  the  middle  line 
by  the  union  of  their  encroaching  predecessors  and  suc- 
cessors. Groups  of  the  primitiye  ambulacral  .plates,  thus 
modified,  enter  into  close  union,  and  constitute  the  complex 
ambulacral  plates  of  the  fully  developed  ambulacrum. 

In  the  g^niis  Oiciam,  the  primitive  ambulacral  plates 
enlarge,  but  do  not  coalesce  into  secondary  ambuhusral 

*  "  Etudes  8ur  lee  £chinoid<$e8."   (*  Kongl.  Srenska  Yeteiisk-Akad. 
HftndUngar/  Bd.  II ,  U75.) 
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pUte*;  henoe  the  diatiiiotiion  between  unlnilaoral  platea 
and  pore  platee  Tanuhea.  The  ambnlaci&l  plates  are  00111 
tinned  on  the  perietotue  to  the  m&rguu  of  the  monili, 
and  here  thej  become  Bomewbat  altered  in  fovm  and  their 
edges  oTerlap. 

In  tbe  living  genua  AMthtmuOBHt,  and  in  certain  ertinot 
Stihimdea  (ZspiiocMfnu,  Eehinothwria),  the  platea  of  the 
oorona  are  looaelj  united  and  orerlap  one  another;  vbile, 
in  tbe  extinot  pakeozoio  Poriselu>eehimd<E,  there  are  nore 
than  two  aeries  of  interambnlacral  plates,  thoM  ia  the 
middle  of  eaoh  intersmbolaorom  being  hexagonaL 


fig.  U9.  (After  UiUlaT.)-A.  Htm  amtHiUOT*!  pUtM  at  EMmia 
iphmra,  eibibitlas  iha  luturM  of  tba  pore  ^lUtee  of  which  each 
■mbuUonl  plate  b  oompMwl.  B.  Put  of  th«  petaloid  unbalacruiii 
of  a  ClypeutTold. 

In  Eckiattt,  the  apical  extremitieB  of  the  ambolacra  abnt 
upon  tbe  fire  smaller  of  the  ten  aingle  plates  which  snrroimd 
the  periproot.  Xtaoh  of  these  ia  perforated,  and  supports 
the  ejeapot ;  it  is  thence  called  an  ocular  plate.  The  apical 
extremities  of  the  interambnlacra,  on  the  other  hand,  cor* 
respond  with  the  fire  larger  plates,  which  alternate  with 
the  ooolar  plates,  and,  like  them,  are  perforated.  The 
aperture  it,  however,  larger,  and  constitatea  the  exit  tor 
the  generatiye  produota.  One  of  these  five  genital  platea  is 
laiger  than  the  others,  aad  preaenta  a  pecnlisr  poroua 
convex  aurface^  which  ia  tbe  madreporic  tubercle  or  modre-. 
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porUe,    The  latter  is  therefore  interambalacral  in  position, 
as  in  the  Star-fish. 

Comparison  with  the  elongated  Echinoderms  shows  that 
the  madreporite  lies  in  the  right  anterior  inter-radios  of 
the  sea-urchin,  so  that  the  anterior  ambnlacram  is  that 
which  lies  to  the  left  of  the  madreporite,  when  the  latter 
is  directed  forwards.    In  consequence  of  being  able  to  dis- 
tinguish this  odd  or  anterior  radius,  it  is  possible  in  anj 
of  the  Eehinidea,  to  separate  the  three  anterior  ambulacra, 
as  the  trivium,  from  the  two  posterior,  the  biffiwn ;  and  in 
the  fossil  genus,  Dysaeter,  this  separation  of  the  ambulacra 
into  triyium  and  birium  exists  naturally.      Miiller  has 
pointed  out  that  in  all  the   flattened  Schinidea,  with  a 
special  ambulatory  surface,  the  latter  is  formed  by  the 
birial  ambulacra  andinterambulacra,  while,  in  the  similarly 
modified  Holoikwridea,  the  animal  rests  upon  the  triyium. 

Within  the  circle  formed  by  the  genital  and  ocular  plates 
the  periproct  presents  a  variable  number  of  calcifications, 
of  which  one,  the  cmal  pUUe,  is  larger  than  the  rest.  The 
anus  lies  exoentrically,  between  this  plate  and  the  posterior 
margin  of  the  periproct. 

With  the  exception  of  certain  paliBozoic  forms  {PdUBcki- 
nu8),  the  composition  of  the  skeleton  of  the  Echinidea  is 
always  essentially  similar  to  that  which  has  just  been  de- 
scribed ;  but  the  form  of  the  body  and  the  relative  positions 
of  the  anal  and  oral  apettures  may  vary  very  much.  In  the 
Eehinoida  {Cidaris,  EehinMs)  the  body  is  spheroidal,  and  the 
oral  and  anal  apertures  are  opposite  and  central,  or  veiy 
nearly  so.  In  the  Clypecuiroida  {Chfpeader,  Eehinocifamiui} 
the  form  of  the  body  varies  from  a  spheroidal  to  an  ex- 
cessively flattened  and  even  lobed  shape.  The  mouth  re- 
mains central,  but  the  anus  varies  in  position,  from  the 
apical  surface  to  the  margin,  or  even  to  the  oral  surface,  as 
in  Echi/nocytMMu,  In  the  remaining  division  of  the 
Eckinideaf  the  ^fxUangoida  {Spaiangus,  Amphidohu,  Anan* 
chytes),  the  form  is  usiuJly  a  somewhat  depressed  oval,  and 
both  the  oral  and  the  anal  apertures  are  excentric  The 
madreporite  and  the  genital  and  ocular  plates,  on  the  other 
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hand,  remam  in  the  centre  of  the  aboral  region  in  all  the 
Echimdea. 

The  ambulacra  present  important  variations  in  the  three 
diviflions  of  the  Echmidea,  In  the  Echmoida  they  are  ho- 
mogeneous, presenting  the  same  composition  from  their 
oral  to  close  to  their  apical  extremities,  and  having  the 
pores  and  pedicels  giTni1«.r  thronghout.  Furthermore,  the 
ambolacra  are  widest  in  the  middle,  and  taper  gradnally 
to  each  extremity  {Echinus),  or  are  of  nearly  the  same  size 
from  one  end  to  the  other  (Otdom). 

In  many  Clypeaatroida,  on  the  contrary,  the  oral  and  the 
apical  portions  of  each  ambulacrom  differ  very  widely,  or 
are  heterogefoeoue.  The  apical  moiety  is  osuaUy  very 
wide  in  the  middle  and  tapers  to  a  point  marginally,  where 
it  joins  the  oral  portion.  Hence  there  is  an  appearance  of 
five  petals  diverging  from  the  apex ;  and  such  ambulacra 
are  called  peMoid  (Fig.  142,  B).  In  the  oral  portions  of  the 
ambulacra,  on  the  contrary,  the  pores  are  either  scattered 
widely  over  the  ambulacral,  and  sometimes  over  the  inter- 
ambulacral,  plates,  forming  pore-orece ;  or  they  are  arranged 
in  bands  which  ramify  over  the  inter-ambulacral  as  well  as 
the  ambulacral  plates,  giving  rise  to  what  Miiller  has  termed 
pore  fa8ci(B.  In  the  Spaiangoida  (Fig.  143)  the  ambulacra 
commonly  present  the  same  heterogeneous  character;  but 
the  oral  portions  are  not  arranged  in  fascisB ;  and  it  not 
unfrequently  happens  that  the  anterior  ambulacrum  becomes 
more  or  less  abortive,  so  that  only  four  petals  are  obvious 
on  the  apical  surface,  instead  of  five. 

The  growth  of  the  shell  of  the  Eehinidea  is  effected  in 
two  ways ;  partly  by  addition  to  the  circumference  of  the 
existing  plates,  partly  by  the  interpolation  of  new  ambu- 
lacral and  inter-ambulacral  plates  at  the  apical  end  of  each 
series  between  it  and  the  ocular  or  genital  plate,  as  the  case 
may  be.  New  plates  are  never  added  to  the  oral  extremity 
of  the  corona  proper. 

The  surface  of  the  plates  of  the  corona  in  the  Eehinidea 
is  covered  with  minute  rounded  elevations,  or  Uiberclee, 
to  which  are  articulated  the  spines  so  characteristic  of  the 
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groap.  The  taberole  may  be  either  simple  or  marked  bj  & 
central  pit,  into  which  and  a  corresponding  pit  on  the  head 
of  the  spine  a  ligament  of  attachment  is  inserted.  Fnither- 
more,  capsular  muscular  fibres  connect  the  neck  of  the 
spine  with  the  base  of  the  tubercle,  and  effect  the  varied 
morementa  of  whieh  the  organ  is  capable.  The  spines  of 
the  Eehmidea  Taiy  very  much  in  form  and  siae,  from  the 
close-rset  yelyety  pile  of  ScuteUa,  or  the  delicate  spoon- 
shaped  blades  of  Amphidotue,  to  the  long-pointed  lances  of 
Echinus  and  the  great  clubs  of  CidarU,  Eren  on  the  same 
Echinoderm  the  spines  may,  as  in  the  two  latter  genera,  rary 
very  much  in  appearance ;  and  it  becomes  necessaxy  to  dis- 
tinguish those  large  ones  which  form  a  continuous  series 
from  one  end  of  an  ambulacrum  or  inter-ambulacram  to  the 
other,  as  primary  spines,  from  the  other  less  eomplete 
secondary  and  ierHary  series. 

LoY^n^  has  drawn  attention  to  the  existence  in  all  the 
Eehinidea,  except  Cidaris,  of  certain  minute  apheroidal 
bodies,  rarely  more  than  y^  of  an  inch  long,  which  he 
terms  sphceridea.  They  occur  upon  the  ambulacral  plates, 
and  especially  upon  those  nearest  the  iQOuth.  Each  eontains 
a  calcareous  and  more  or  less  de^se  and  glassy  skeleton, 
which  is  articulated  with  a  corresponding  tubercle  aa  if  it 
were  a  miniature  spine.  In  some  genera,  these  spJuBrideOj 
to  which  LoY^n  ascribes  a  sensovy  function  (probably 
auditory),  are  sunk  in  fosssB  of  the  plate  to  which  they 
are  attached. 

Scattered  among  their  spines,  the  Echinidea  possess 
pedicellarUe,  which  are  usually  provided  with  long  slender 
stems,  terminating  in  oval  heads,  divided  into  three  jaw-like 
processes.  The  latter  are  strengthened  by  calcareous 
ossicles,  which  articulate  with  an  ossicle  contained  in 
the  basal  part  of  the  head,  and  a  calcareous  rod  is  usually 
developed  in  the  stem. 

In  the  Bpaiangoida,  when  the  skeleton  is  deaaed*  its 
surface  is,  in  many  cases  {Amphidotus,  Brissus,  8patangus), 
marked  by  one  or  more  symmetrical  bands  of  dose-set, 

*  'Etudes  8ur  les  Echinoid^es'*  1875. 
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minnt«taberclea(Fig.  US,  a,/,ir).  During  life,  slender  spines 
ara  ttM«oh«d  to  theae  tuberclae,  tba  caloweoiu  aksUt^  of 


,    T  uitsriQr  and  uiteTolatertU  ambolMrt. 

ce.  Birlum,  or  poitcrolatgrai  Mnbulacn.  d.  Madrrporio  talwrcU, 
■UTTOundail  b;  tbs  genllal  ap«rtiuea.  (.  Intn^lsloiu  ftjla.  f. 
CtTeuBt-anal  wniftii.  f,  Sub-Bualiemfbi.  A.  Ado*,  t.  Intn'icmlUl 
poraofblTlalMnbulacn.  C.  BamlU  masnlflad.  a.  S«mital  luber- 
clea.  h.  Ordtnar;  tDbereln.  D.  Semltil  ipina.  a.  TamiDal  «n- 
larii«d,  M»^llated  pDidon.    A,  Ciliated  Kan. 
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which  is  clothed  -with,  a  thick  coat  of  integament,  which 
suddenly  enlarges  at  the  apex  (Fig.  143,  D);  long  and 
close-set  cilia  cover  the  shaft  of  the  spine,  while  no  such 
structures  exist  on  the  terminal  enlargement.  These 
bands  of  peculiarly  modified  spines  are  called  sendUB  or 
faadolet,  8emU<B  lie  beneath  and  surround  the  anus  in 
some  geneni,  and  are  caUed  sub-anal  and  circum-anal; 
others  surround  the  outer  extremities  of  the  petaloid  am* 
bulacra,  and  are  termed  peripetdUnu,  or,  when  thej  encircle 
the  inner  terminations  of  their  ambulacra,  inirapetaloua 
(Amphidotus)  (Fig.  143,  A,  B). 

If  we  turn  to  the  interior  of  the  shell  of  the  BSehinidea, 
we  find  in  the  Echinoida,  that  ambulacial,  or  sometime 
{Cidariti)  interambulacral,  plates  of  the  oral  margin  of  the 
corona  are  produced  into  five  perpendicular  perforated 
processes,  which  arch  over  the  ambulacra,  and  are  called 
the  awicuJm, 

Besides  these,  processes  are  developed  from  the  ambu- 
lacra! plates  in  CidarU,  which  form  a  sort  of  wall  oa  each 
side  of  the  ambulacral  canal,  but  do  not  arch  over  ifc.  In 
Clypetuter,  similar  processes  form  complete  arches;  and 
in  the  flattened  Olypeastroid,  Scviella,  the  oral  and  apical 
walls  of  the  corona  are  united  together  by  calcareous  trabe- 
culsB,  BO  that  the  cavity  of  the  body  is  restricted  to  a  rery 
small  space. 

The  Spaiangoida  present  neither  Awriculce,  nor  other 
internal  processes. 

In  the  Eehinidea,  the  OBSophagus  is  usually  distinct,  but, 
beyond  a  c»cal  diverticulum  in  some  cases,  there  is  no 
further  differentiation  of  the  aUmentaiy  canal,  which  is 
disposed  spirally  around  the  walls  of  the  corona,  and 
attached  thereto  by  a  mesentery. 

In  the  Echinidea,  the  oral  skeleton  attains  its  highest 
development  in  the  so-called  "Aristotle's  lantern"  of  the 
Sea-urchins  (Fig.  144,  B,  0,  D). 

This  apparatus  consists  of  five  hollow,  wedge-shaped, 
calcareous  pieces — ^the  alveoli  (Fig.  144,  B,  a),  each  of 
which  is  composed  of  two  halves  united  together  in  the 
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middle  line,  while  each  half  again.  conBiste  of  a  superior 
Fig.  IM. 


,    ..  ,,  d  («fler  MQllcrY-ii. 

dIdi.   d.  BotuI*.   «.  Tooth.   8,C,0.  DeDtujr  ■pptwUnt  ( Aria- 
totle'i  Untern)  of  Ethniia  ipSata.    B,  Two  of  the  fire  chief  oom- 

._r^  D^l _,      „._  , _.   _ , 

iItsoIub.     a'.  Mature  witb  iti  fellow,     b,  Bplphvsii.    v.  Sature  of 
')bjili  with  principal  piece.    <.  Botulk    if.  Kadiui 
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epiphysis,  and  an  inferior  principal  portion,  united  together. 
Each  alveolus  serves  as  the  socket  for  a  long  tooth  (e),  shaped 
somewhat  like  the  incisor  of  a  Rodent,  harder  eztemally 
than  internally,  so  as  always  to  develope  a  sharp  edge  with 
wear.  The  tooth  constantly  grows  from  its  upper  extremity, 
while  its  lower  half  becomes  united  with  the  wall  of  the 
alveolus.  The  five  sJveoli,  if  fitted  together,  form  a  cone, 
the  applied  surfaces  of  which  are  united  by  strong  trans- 
verse muscular  fibres,  while  superiorly,  the  epiphyses  of 
each  pair  of  alveoli  are  connected  by  long  radial  pieces — 
the  rotuloa  (c)  articulated  with  their  edges.  To  the  inner 
extremity  of  each  rotula,  Anally,  a  slender  arcuated  rod, 
presenting  indications  of  a  division  in  the  middle  of  its 
length,  is  articulated,  and,  running  outwards  parallel  with 
the  rotula,  terminates  in  a  free  bifurcated  extremity.  This 
is  the  rcidivs  (d). 

Altogether,  then,  the  Lantern  consists  of  twenty  prin- 
cipsJ  pieces — five  teeth,  five  alveoli,  five  rotnlse  loid  five 
radii;  of  which  the  alveoli  are  again  divisible  into  four 
pieces  each  and  the  radii  into  two,  making  a  total  of 
forty  pieces.  In  their  normal  position,  it  must  be  re- 
membered that  the  alveoli  and  teeth  are  interambnlacral, 
while  the  radii  and  rotulsB  are  ambulacral.  Besides  the 
inter-alveolar  muscles  already  described,  this  complex  ap- 
paratus has  protractor  muscles  arising  from  the  inter- 
ambulacral  region  of  the  oral  edge  of  the  corona,  and 
inserted  into  the  upper  part  of  the  sJveoli;  slender 
oblique  muscles,  with  a  similar  origin,  but  inserted  into 
the  radii ;  transverse  muscles  connecting  the  radii  together  ; 
and  retractor  muscles  arising  from  the  arches  of  the  auri- 
culsB,  and  inserted  into  the  oral  ends  of  the  alveoli. 

A  similar,  but  less  complex,  oral  skeleton  exists  in  most 
Clypeastroida  (Fig.  144  A),  but  nothing  ef  the  kind  has  yet 
been  discovered  in  the  Spatangoida. 

In  the  Echinidea,  the  circular  ambulacral  vessel  lies 
between  the  oesophagus  and  the  alveoli,  and  is  usually  pro- 
vided with  five  sacculated  polian  vesicles.  There  is  a  single 
madreporic  canal/ membranous  in  Eehiwu$,  but  calcareous 
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in  Cidaris,  which  extends  nearly  in  the  axis  of  the  body 
from  the  circular  vessel  to  the  madreporic  tubercle.  Five 
radial  vessels  ran  up  the  middle  of  the  inner  surface  of 
the  ambttlacral  plates,  which  thej  reach  by  passing  from 
the  circular  canal,  outwards,  beneath  the  rotuls,  when 
these  exist ;  next,  downwards,  external  to  the  inter-sJyeolar 
muscles;  and  then,  outwards,  through  the  arches  of  the 
auricuke:  these  give  off  branches  on  each  side  to  the 
pedicels,  the  bases  of  which  open  into  large  ambulacral 
yesidee.  The  circular  ambulacral  vessel  of  the  Spatan" 
goida  has  no  polian  vesicle%  and  no  vesieular  appendages ; 
in  the  Olypeasters  there  are  many  vesicular  appendages, 
but  no  polian  vesicles.  In  most  Echinoida,  all  the  pedicels 
are  expanded  into  sucking-disks  at  their  extremities,  and 
are  here  strengthened  by  a  calcareous  plate  or  plates ;  but, 
in  JSchinocidaria  and  some  other  Echinoida,  the  pedicels  of 
the  oral  portion  of  the  ambulacra  only,  have  this  structure, 
while  those  of  the  apical  portion  are  pectinated,  flattened, 
and  gill-like.  Again,  in  the  heterogeneous  ambulacra  of 
the  CUfpeaatrcida  and  Spaiangoida,  the  forms  of  the  pedicels 
vary  much.  Thus  Miiller  distinguishes  four  kinds  of  pedi- 
cels in  the  Qpaiangoida — simple  and  locomotive  pedicels, 
without  any  sucking-disk;  locomotive  pedicels,  provided 
with  terminal  suckers,  and  containing  a  skeleton ;  tactile 
pedicels,  with  papillose  expanded  extremities ;  and  gill-like 
pedicels,  triangular,  flattened,  more  or  less  pectinated 
lamellsB.  Two  or  three  of  these  kinds  of  feet  may  occur  in 
any  given  ambulacrum,  and  those  which  lie  within  a  semita 
are  sJways  different  from  the  others. 

In  the  ClypecLitroidoL,  the  petaloid  portions  of  the  ambu- 
lacra possess  branchial  pedicels,  interspersed  with  delicate 
locomotive  pedicels,  provided  with  a  calcareous  skeleton  and 
with  a  terminal  sucker.  The  latter  kind  alone  extend  on 
to  the  oral  portions  of  the  ambulacra. 

The  circumorsJ  nerve  of  Echinus  surrounds  the  oesopha' 
gus  near  the  mouth.  It  has  a  pentagonal  form,  and  is 
enclosed  by  the  sJveoli,  between  which  the  ambulacral 
nerves  pass,  over  the  peristome  and  through  the  arches  of 

2  P 
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the  anricalBB,  to  the  ambulacra.  Each  ambulacral  nerve  is 
accompanied  by  a  neural  canal,  which  however  enaheathes 
the  nerve,  and  does  not  merely  lie  on  its  inner  side.* 

The  only  known  oi^ana  of  sense  in  the  Echinidea  are  the 
pigmented  "eye-spots,"  developed  in  connection  with  the 
ends  of  the  ambulacral  nerves. 

The  x>eritoneal  space  is  filled  by  a  corpusculated  fluid, 
which  is  kept  constantly  in  motion  by  cilia  distributed  over 
the  parietes  and  the  contained  viscera.  The  aeration  of 
this  fluid  appears  to  be  facilitated  in  all  the  Eckinoidti. 
except  CidofHs,  by  five  pairs  of  special  branchial  plumes 
developed  from  the  peristome ;  while,  in  the  Ch^eiuiroida 
and  Spaiangoida,  which  possess  the  modified  pedicels  com- 
monly termed  ambulacral  gills,  there  are  no  such  organs. 

In  the  Echinidea^  a  circular  pseud-heemal  vessel,  wheii<y 
branches  are  given  off  to  the  genitalia,  is  said  to  snrromiO 
the  anus.  The  alimentary  canal  is  accompanied  by  twf 
vessels,  one  on  the  side  of  the  mesentery  (dorsal),  the  oiher 
on  the  &ee  side  (ventrsJ),  which  communicate  with  a  lacunar 
network  in  its  walls ;  and  besides  these,  a  fusiform  body 
running  parallel  with  the  madreporic  canal,  and  terminat- 
ing inferiorly  in  a  circular  vessel  which  lies  dose  to  the 
circular  ambulacral  vessel,  around  the  odsophagus,  has  been 
described  as  a  '  heart.' f 

The  genital  organs  are  sacculated  glands,  which  attain  a 
large  size  in  the  breeding  season,  and  open  externally  by 
the  pores  on  the  genital  plates,  through  which  their  pro- 
ducts are  extruded.  Hoffmann  has  found  the  peritoneal 
iiuid  of  the  males  full  of  spermatozoa. 

In  the  Echinideaf  as  in  the  Ophivridea,  theEchinopsedinm 
is  a  PhUeua,  and  has  a  skeleton  formed  of  calcareous  rode. 


•  Teutcher,  1.  o. 

t  According  to  HofFknsnn't 
latest  investigations,  there  is 
neither  anal  nor  oesophageal 
eiroular  vessel  in  Spatangua  and 
EdnrnMS.  In  the  rormer  a  dis- 
tinct anastomotic  trunk  connects 
the  intestinal  vessels  with  the 
circular  ambulacral  vessel.     In 


the  latter,  both  intestinal  vessels 
open  directly  into  the  circular 
ambulacral  vessel,  and  what  haa 
been  described  as  a  heart  is  really 
the  madreporic  canal  (**  Ueber  das 
Blutirefass-system  der  Echini- 
den,^'  *  Niederlandiaches  Archiv.* 
Bd.  i.). 


VHB  DSTSLOPmRT  OT  THl  lUUIA  IDS  A.  ■ 
Kg.  U^ 


Pig.  145.— DtvelDpnMntof  an  Echinid,    (After  HuIIbt.)— A.  Fehiao- 
—  II — I  ,)t  Et^ant  pukMimt  In  the  nsbrnlB  itace.    B.  Folly  de- 
llum  (Flmlimiiat  tLe  n ' "■- 


ipedei ;  a,  month ; 


Teloped  EohiDDwdfui 

b,  itomaeh  and  fntntlne ;  t,  ums';  A  F,  proceaen  ot  tlu  iodj  into 
whlcb  pnlongmtioni  of  tba  tntenul  iktfeton  extend.  C.  The 
BehlnopRdlom  of  u  Eoblnld  to  which  tbe  Eehlnmlenn  li  lofkr 
adTuoedtkatlbetplMi^pBdiMli,  udpadiullaflRaraTl«ibl«.    D. 
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EehinopBdiimi  of  Eehmut  limdm :  a,  moatfa ;  a'  gullet  -  &,  ttoB 
6',  intesdne ;  c,  rudimentary  fichinoderm ;  c',  the  ambnlaerml 
if\  the  eztemal  opening  of  its  duct;  a  a^  ffi^  the  pgoccwca  of 
the  body. 

which  support  the  proeessee  into  which  the  bodj»  in  the 
region  of  the  ciliated  bands  and  elsewhere,  is  prolonged. 

The  origin  of  the  ambulacral  system,  before  it  has  the 
form  of  a  ciBcnm  with  a  dorsal  pore,  has  not  been  made  out. 
The  blind  end  of  this  caecum  lies  on  the  left  side  of  the 
alimentary  canal,  and  is  connected  with  a  discoidal  body, 
which  is  situated  on  the  left  side  of  the  stomach ;  a  similar 
body  appears  on  the  right  side.  Doubtless  these  discoidal 
bodies  answer  to  the  peritoneal  diverticnla  of  the  alimen- 
tary canal  of  the  EchinopsBdium  in  other  EchinodermB. 

The  bUnd  end  of  the  tube  enlarges,  and  gives  rise  to  a 
rosette,  whence  the  ambulacral  vessels  proceed;  and  a 
depression  of  the  integument  of  the  larva,  forming  the 
so-called  umbo,  extends  inwards  to  this.  At  the  bottom 
of  the  umbo,  a  new  mouth  opens  through  the  centre  of 
the  rosette  into  the  gastric  cavity  of  the  larva,  the  primitiTe 
(esophagus  being  abolished.  The  larval  skeleton  undergoes 
resorption,  but  the  rest  of  the  EchinopiBdium  passes  into 
the  Echinoderm.* 

LoT^n  has  recently  drawn  attention  to  the  fact  that,  in 
young  Echinids,t  the  plates  of  the  apical  region  are  not 
only  more  conspicuous  in  relation  to  the  corona,  bnt  differ 
somewhat  in  their  arrangement,  from  those  of  the  adult 
Thus  the  anus  is  at  first  wanting,  and  the  anal  plate,  which 
occupies  the  centre  of  the  apical  area,  is  relatirely  large ; 
it  is  united  by  its  edges  with  the  five  plates,  which,  im- 
perforate in  the  young,  will  become  the  genital  plates  in  the 
adult.     The  five  ocular  plates  are  also  imperforate,  and 


*  See,  In  addition  to  the  me- 
moirs of  MuUer  and  Metschnikoff 
already  cited,  A.  Agassis,  *^  On  the 
Embryoloffy  of  Echinoderms.'* 
('  Mem.  American  Academy  of 
Sciences.'  1864.) 

t  The  admirable  monograph  of 


A.  Agassis,  'Bevision  of  the 
Echini,'  published  in  the  « Illas- 
trated  Catalogue  of  Uie  Museum 
of  Comparative  Zoology  at  Har- 
vard College/  is  also  full  of  in- 
formation respecting  the  young 
states  of  the  Eehlnids. 
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are  disposed  in  a  oirole  outside  that  formed  by  the  genital 
plates,  their  inter-spaces  being  occupied  bj  interambu^ 
laeral  plates.  The  apical  region  of  an  Echinid  has  thus,  as 
lioyen  points  out,  a  moat  striking  resemblance  to  the  calyx 
of  a  Crinoid;  tibe  anal  plate  representing  the  hcualia;  tiie 
genital  plates,  the  pa/rab(uaMa ;  and  the  ocnlar  plates,  the 
first  rcuKaUa* 

The     Gbinoidba.  —  This     remarkable    group,    which 

abounded  in  former    periods  of    the  world's  history,  is 

represented  at  the  present  day  only  by  the  genera  Awtedon 

{Co7naMa)y  Actinametra,  Comader,  Pentacrinus,  Bhizocrinus 

and  Holopfu, 

The  first  three  genera  are  capable  of  locomotion,  while 
the  next  two  are  attached  by  long  articulated  stems  to 
submarine  bodies.  Holapus,  which  is  but  imperfectly 
known,  appears  to  be  fixed  by  a  short  thick  unjointed 
prolongation  of  its  base. 

Bhistocrmus  lofotensia  (Pig,  146),  which  has  been  very 
carefully  and  elaborately  described  by  Sars,*  is  a  small 
animal  which  does  not  attain  more  than  three  inches  in 
length,  and  liyes  at  great  depths  (100-300  fathoms  or  more) 
in  the  sea.  It  consists  of  a  relatively  long,  many-jointed 
stem,  from  many  of  the  articulations  of  which,  branched, 
root-like  filaments,  or  eirrif  are  given  off;  at  the  sunmdt  of 
this  is  seated  a  cup-shaped  body,  the  calyx,  from  the  margins 
of  which  5-7  arms  (hrachia)  radiate.  To  each  arm  is 
attached  a  double  series  of  alternating  pimnulcB,  The 
mouth  is  situated  in  the  centre  of  that  part  of  the  perisoma 
which  forms  the  surface  of  the  calyx  opposite  to  the  stem. 
The  oral  aperture  is  circular,  but  five  (or  sometimes  only 
four)  triangular  lobes  of  the  perisoma,  with  rounded  free 
ends,  project  over  it,  and,  when  shut,  close  it  like  so  many 
yalves.  From  the  intervals  between  these  oral  valves  five 
(rarely  four)  grooves  traverse  the  oral  surface  of  the  calyx, 
and  extend  thence  throughout  the  whole  length  of  each 
arm,  giving  offsets  as  they  go  to  the  pinnules.    Thus  th^ 

*  *  MimcUrm  pour  aervir  2k  U  canimltwnce  des  Griooides  vivsots/  1868. 
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oral  mntaae  of  each  arm  and  of  each  pumale  is  deeplj 
^caTftted. 

Betveen  the  circnW  lip  and  the  oral  ralves,  acA  fleziUe 
tentaooliform  peditiela  are  attoched  in  a  mngle  Beriei.  Two 
pairs  of  pedicels  oorreapond  to  every  ralve,  each  pair  arisiiig 
opposite  the  bawJ  angle  of  a  Tttire.  Theae  pedioela  an  j 
hollow,  iheir  snrface  is  papillose,  and  Um  outer  or  ndial 
pedicel  of  eock  pair  is  veij  contractile.    Pedicels  ot  tli« 

Fig.  146. 


Flf.  1«.— HAiioCTMM  lofolenai.     (After  B«».> 

I.  JUinxnniit  entire ;  o,  enUrged  upper  joint  of  the  Item ;  ft,  iami 
JDJnca  of  the  alem  ;  c,  cirri ;  d,  brwhik. 

II.  Cilyi  uid  enna,  with  the  tmiimit  of  the  item  of  ■  BUaerhiMM 
having  fl»e  well-deTeloped  br«chi«;  a,  u  before;  »,  firat  rsdUli; 
r*,  H,  lecand  and  third  radials;  A',  llrit  brachikl ;  p,  p,  ptunaie*. 

IlL  Upper  part  of  the  >tem  and  oral  £>ob  of  Uie  nlTX,  Tumd 
oblique); ;  r,  lower  part  of  Tiicerkl  Dun ;  i,  1,  tantaeoiu  gnnrei ; 
0,  oral  valrei ;  t,  oral  tentacle* ;  an,  anui. 

aame  general  character    are    oontiiiaed    thronghont    the 
brachial  and  pinnnlfLr  groovee. 
The  anus  ia  sitiuted  at  the  end  of  a  conical  prominence 
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between  two  of  the  groovea  on  the  oral  face  of  the  calyx, 
and  is  therefore  interrcidial  in  position  (Fig.  146,  III.  an). 

The  skeleton  consists  of  very  numerous  pieces  resulting 
from  the  calcification  of  the  perisoma.  In  the  stem  they 
liave  the  form  of  elongated,  subcylindrical,  or  hourglass- 
shaped,  joints  {articuli),  the  opposed  faces  of  which  are 
xmited  by  strong  elastic  ligamentous  fibres.  The  centre  of 
each  is  traversed  by  a  longitudinal  axicd  canal,  which  ex* 
tends  through  the  whole  length  of  the  stem  and  is  occupied 
by  a  soft  but  solid  substance.  The  distal  joint  of  the  stem 
is  not  directly  fixed  to  the  surface  to  which  the  Crinoid  is 
attached,  but  is  connected  therewith  by  the  branched  cirri 
which  proceed  from  it.  Each  cirrus  has  a  skeleton  com- 
posed of  joints  or  oaHguU,  somewhat  like  those  of  the  stem 
and  traversed  by  a  prolongation  of  the  axisJ  canaL  Similar 
cirri  are  developed  from  a  larger  or  smaller  number  of  the 
articuli  of  the  distal  portion  of  the  stem. 

The  proximsJ  joints  become  gradually  shorter  in  pro- 
portion to  their  length,  until  they  assume  a  diacoidal  form. 
It  appears  that  new  articuli  are  continually  added  at  that 
end  of  the  stem  which  lies  nearest  the  calyx. 

The  summit  of  the  stem,  or  the  base  of  the  calyx,  is 
formed  by  an  enlarged,  solid,  pear-shaped  ossicle,  which  is 
probably  formed  by  the  coalescence  of  several  ofrUouli, 
Upon  liiis  follow  five  pieces  (first  radialia)  closely  united 
together  and  with  a  central  piece,  which  probably  represents 
the  hcualia  of  other  Orinoids.  The  first  radial  corresponds 
in  direction  with  the  origin  of  one  of  the  arms,  and  is 
followed  by  a  second  and  third  radisJ.  With  the  third 
radial  is  articulated  the  first  of  the  hrachial  ossicles,  which 
constitute  the  skeletal  support  of  the  unbranched  bmchia. 
The  pinnules  are  also  supported  by  a  series  of  elongated 
calcified  joints,  the  basal  joint  being  articulated  with  a 
brachial  ossicle  and  the  distal  joint  pointed. 

The  axial  canal  dilates  in  the  enlarged  pyriform  ossicle 
above-mentioned ;  and,  from  the  dilatation,  branches,  which 
traverse  the  radial  and  the  pinnular  ossicles,  are  given  off. 
There  is  a  calcareous  plate  in  the  substance  of  each  oral 
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valve,  and  minnte  reticulated  calcifioations  are  scattered 
throngh  the  perisoma  of  the  oral  face  of  the  disk. 

The  sides  of  the  radial  grooves  are  provided  thronglioat 
with  a  doable  series  of  oval  calcareous  plates — the  margimal 
IcmheUce — which  are  disposed  transversely  to  the  groove, 
those  of  opposite  sides  alternating  with  one  another.  Th^ 
can  be  erected  or  depressed ;  and,  in  the  latter  case,  overlap 
one  another  like  tiles. 

In  Pentacrinus,  the  long  stem  is  fixed  by  its  distal  end, 
and  the  pentagonal  arHcvU  of  its  skeleton  give  off,  at 
intervals,  whorls  of  unbranched  cirri.  No  distinct  basal 
piece  is  known,  but  the  csJyz  appears  to  begin  with  the 
five  first  radialia.  At  the  third  raduUe,  the  series  bifurcates 
into  two  series  of  brachialia,  and  these  again  bifurcate 
to  give  rise  to  the  pahnaria,  which  support  the  free  arms. 
There  are  marginsJ  lamellsB  along  the  sides  of  the  tentacular 
grooves,  and  a  longitudinal  series  of  calcareous  ossicles 
occupies  the  floor  of  each  groove.  The  anus  is  situated 
upon  an  elevated  interradisJ  cone. 

The  body  of  an  adult  ComaMa  (AfUedon)  answers  to 
the  csJyz,  with  its  brachia,  in  other  Grinoids. 

The  centre  of  the  skeleton  is  constituted  by  a  large 
€entrO''doTaal  ossicle,  articulated  with  the  aboral  &ce  of 
which  are  the  numerous  cirri,  by  which  the  Aniedan  ordi- 
narily grasps  the  bodies  to  which  it  adheres,  though  it  is 
able,  on  occasion,  to  swim  freely  about.  This  centro-dorsal 
ossicle  appears  to  be  the  homologue  of  the  uppermost 
part  of  the  stem  in  the  PerUacrinus.  There  are  five 
divergent  series  of  radialia,  each  containing  three  ossicles. 
The  first  radials,  or  those  nearest  the  centro^lorsal  plate, 
are  closely  adherent  to  one  another  and  to  the  centro-dorsal 
plate,  and  are  not  visible  on  the  outer  surface  of  the  calyx. 
The  space  left  between  the  apices  of  the  five  first  radials  is 
occupied  by  a  single  plate,  the  rosette*  which  is  formed  by 
the  coalescence  of  the  five  hasalia  present  in  the  larva. 

The  anatomy  of  the  soft  parts  of  the  Orinoidea  has 

•  Carpenter,  '  On  the  Structure,  Physiology,  and  Development  of 
ComtOufa.'    (Phil.  Trans.  1866.) 
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been  most  thoroughly  inyestigated  in  the  genus  Covnatvla 
(Antedon).* 

The  month  leads,  by  a  short,  wide  gullet,  into  a  spacious 
sacculated  alimentaiy  canal,  which  is  coiled  upon  itself 
in  such  a  manner  as  to  make  about  one  turn  and  a  half 
around  the  axis  of  the  bodj ;  and  then  terminates  in  the 
projecting  rectal  cone  which,  as  has  already  been  seen, 
is  situated  interradially,  on  the  oral  face  of  the  calyx. 
The  central  cavity,  included  by  the  coil  of  the  alimentary 
canal,  is  occupied  by  a  sort  of  core  of  connective  tissue,  and 
has  received  the  name  of  columella,  but  it  must  be  under- 
stood that  it  is  not  a  distinct  structure.  Bands  of  con- 
'  nective  tissue  connect  the  outer  periphery  of  the  alimentaiy 
canal  with  the  perisoma. 

The  five  triangular  lobes  of  the  perisoma,  which  surround 
the  mouth  like  so  many  vsJves,  contain  no  calcareous 
skeleton  in  the  adult  Antedon,  Within  these  lobes,  attached 
to  the  oral  membrane,  there  is  a  circle  of  tentacula.  From 
the  interval  between  each  pair  of  orsJ  valves,  a  groove 
radiates  outwards  over  the  surface  of  the  calycine  perisoma 
and  speedily  bifurcates;  one  branch  goes  to  the  oral 
surface  of  each  of  the  arms  and  runs  along  it  to  its  ex- 
tremity, giving  off  alternate  lateral  branches  to  the  pinnules 
in  its  course. 

These  grooves  are  the  ambulacral  grooves.  Their  sides 
are,  as  it  were,  fenced  by  small  lobed  processes  of  the  peri- 
soma ;  and,  on  the  inner  sides  of  these  processes,  groups 
of  minute  pedicels  take  their  origin  from  the  sides  of  the 
floor  of  the  groove.  A  thickened  band  of  the  ectoderm 
occupies  the  middle  of  the  floor,  and  so  strikingly  resembles 


*  E.  Perrier,  **  Becherches  tur 
rAnatomie  de  la  Coimttula 
rotaeea*'  (<Aroh.  de  Zootogie 
Experimentale/  1873).  Semper, 
*'Karae  snatomlsche  Bemerkun- 
gen  uber  Comatula**  (*  Wilrsbarg 
Apbeiten/ 1874).  Ludwig  "Ziir 
Anatomie  der  Crinoideen*' 
(^Zeitschrift  fur  Wiss.  Zool.* 
1876).   Carpenter ''On  the Stnio* 


tare,  Physiology,  and  Develop- 
ment of  Antedon"  (*Proc.  Boyal 
Society,*  1876).  Greef,  "Ueber 
den  Ban  der  Crinoideen"  (*  Mar- 
burg Sitsungsberichte,'  1876). 
P.  H.  Carpenter,  **  Remarks  on 
the  Anatomy  of  the  Arms  of  tlie 
Crinoids  "  (^ Joomal  of  Anat.  and 
Physiology/  1876). 
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the  ambulacral  nerve  of  the  Star-fiah,  that  the  homology  of 
the  two,  first  aeserted  by  Ludwig,*  cannot  be  donbted. 
Immediately  beneath  it  runs  a  small  canal,  disoovered  by 
Dr.  Carpenter,  and  termed  by  him  the  tenlaeular  ctnuU, 
which  gives  off  lateral  branches  to  commnnicate  with  ^e 
cavities  of  the  pedicels.  A  second  much  wider  canal — the 
subientacular  carnal — ^lies  beneath  this,  and  is  divided  by  a 
longitudinal  septum.  But  the  septum  is  incomplete  at 
intervals,  and  thus  the  two  canals  communicate.  A  third, 
still  larger,  codiae  canal,  is  interposed  between  the  floor  of 
the  subtentacular  canal  and  the  axial  skeleton  of  the  arm. 

Where  the  arm  joins  the  calyx,  the  tentacular  canals  run 
beneatib  the  ambulacral  groove  to  the  gullet,  around  which 
they  are  united  by  a  circular  canal,  from  which  numerouB 
short  diverticida,  resembling  the  vaaa  anibuUionJia  eai^ 
in  the  Ophiurids,  described  by  Simrock  (2.e.),  depend. 
The  subtentacular  and  cosliac  canals  communicate  with 
channels  in  the  perivisceral  tissue,  on  the  oral  or  the  abonJ 
face  of  the  visceral  mass;  and  these  channels  appear, 
eventually,  to  open  freely  into  the  cavities  by  which  the 
columella  is  traversed. 

In  the  partition  between  the  subtentacular  and  the 
coeliac  canals  there  lies  a  cellular  cord,  or  rcuhis,  which  can 
be  traced  back  into  a  reticulation  of  similar  tissue  in  the 
visceral  mass.  The  genital  glands,  contained  in  the  pin* 
nules,  are  enlargements  of  lateral  branches  of  this  xachis. 
But  the  rachis  is  apparently  only  an  extension  of  the 
mesodermal  tissue  of  the  viscersJ  mass,  comparable  to  that 
in  which  the  genitalia  are  lodged  in  the  Star-fishes ;  and 
the  multiplication  of  the  genital  glands  may  be  regarded 
as  a  further  extension  of  the  structure  which  obtains  in 
Bridnga,  Thus  it  would  seem  that  the  x>osition  of  the 
genital  glands  in  the  Crinoids  is  not  so  anomalous  as  it  at 
first  appears  to  be. 

The  centro-dorsal  tubercle  contains  a  o&vitj,  with  which 
the  canals  which  travei*8e  the  ossicula  of  the  cirri,  the 
calyx,  the  brachia  and  the  pinnules  communicate.    This 

*  <Zeit8chrift  fiir  Wiss.  Zool./  1876. 
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canity  was  considered  by  Miiller  to  be  a  heart.  It  proTes, 
however,  to  be  largely  filled  by  solid  tissue,  which  is  con- 
tinued not  only  into  all  the  canals  which  traverse  the 
ossicnla,  bat  also  into  the  columella,  or  tissue  which 
occupies  the  centre  of  the  coils  of  the  alimentary  canal. 

Dr.  Carpenter  *  is  of  opinion  that  so  much  of  this  axial 
tissue  as  occupies  the  cavity  of  the  central  tubercle,  and  is 
continued  throughout  the  ossicula  of  the  calyx  and  arms, 
is  the  proper  central  organ  of  the  nervous  system ;  found- 
ing this  opinion  x>artly  upon  the  fact  that,  when  this  mass 
is  irritated  in  a  living  Antedotif  a  sudden  contraction  of  all 
the  muscles  of  the  arms  takes  place;  and  partly  upon  the 
distribution  of  the  ultimate  ramifications  of  the  axial 
tissue  in  the  arms.  Grreef ,  on  the  contrary,t  affirms  that 
all  these  tracts  can  be  injected,  and  retains  the  name  of 
'  heart '  for  the  cavity  of  the  centro-dorsal  tubercle. 

The  perisoma  of  the  oral  surface  of  Comatula  exhibits  a 
great  number  of  minute  circxdar  pores,  with  thickened 
cellular  margins.  Qreef  has  discov€a*ed  that  these  are  the 
exteomal  apertures  of  canals,  with  ciliated  walls,  which 
open  into  the  body  cavity,  and  readily  aUow  fluids  to  pass 
into,  or  out  of,  that  cavity. 

Each  mature  ovary  of  Antedon  has  a  distinct  aperture, 
through  which  the  ova  are  discharged,  and  to  which  they 
adhere  for  some  days  like  bunches  of  grapes.  The  testis 
develoi^es  no  special  aperture,  but  the  spermatozoa  appear 
to  be  discharged  by  dehiscence  of  the  integument. 

Since  the  discovery  by  Y aughan  Thompson  that  ComaiMa 
passes  through  a  Pentacrinoid  larval  condition,  the  develop- 
ment of  the  free  Orinoids  has  been  the  subject  of  various 
investigations,^  and  the  following  results  may  be  regarded 
as  established. 

Complete  yelk-division  takes  place.     The  momla  ac- 

*  <  Prooeedings  of  the  Boyal  Tians.'      1865),       MeUchnikoff 

Society,'  1876.  Q  Bulletin   de  TAcad.  Imp.  des 

t  **  Ueber  das  Hen  der  Crl-  ddences    de    St    Petersboarg,' 

noiden"     ('Marburg    Sitzungs-  1871),    and      espeoially     G&tte 
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quires  an  oval  form,  and  developes  four  hoop-like  bands  of 
cilia,  with  a  toft  of  cilia  at  the  hinder  end.  Between  the 
third  and  fourth  bands  of  cilia,  counting  from  the  anterior 
end  of  the  EchinopcBdium,  the  blastoderm  becomes  in- 
▼aginated,  and  gives  rise  to  an  archenteron.  In  the  in- 
terspace between  this  blind  sac,  the  wall  of  which  is  the 
hypoblast,  and  the  epiblast,  constituted  by  the  rest  of  the 
blastoderm,  a  mesoblast  composed  of  reticulated  cells 
makes  its  appearance.  The  blastopore  closes,  while  the 
archenteron  detaches  itself  from  its  attachment  to  the 
posterior  ventral  face  of  the  larva,  and  becomes  connected 
with  an  CBSophageal  involution  formed  at  its  anterior  end. 
The  archenteron  next  throws  out  three  diverticula,  of  which 
two  are  lateral,  and  one  is  ventraL  The  lateral  diverticula 
enlarge,  and  apply  themselves  to  the  rest  of  the  archenteron, 
now  become  the  intestine,  from  which  they  are  soon  com* 
pletely  shut  off,  and  converted  into  peritoneal  sacs.  The 
left  sac  thus  formed  lies  on  the  ventral  side  of  the  intestine, 
the  right  sac  on  its  dorsal  side.  The  walls  of  the  two  sacs 
become  applied  together,  and  form  a  circular  mesentery. 
The  peritoneal  sac  of  the  aboral  side  sends  a  process  into 
the  hinder  end  of  the  body,  which  has  begun  to  elongate, 
in  order  to  give  rise  to  the  stem  of  the  Pentacrinoid  form. 

The  third,  or  ventral,  diverticulum  is  shut  off  from  the 
alimentary  canal  much  later  than  the  other  two.  It  grows 
round  the  mouth,  and  gives  rise  to  the  circular  ambulacra! 
vessel,  whence  the  tentacular  canals  are  given  off. 

Ten  plates,  each  consisting  of  a  calcareous  network  and 
arranged  in  two  rows  of  five  each,  next  appear  in  the 
substance  of  the  Echinopeedium  around  the  alimentaiy 
canaL  From  the  centre  of  the  posterior  row,  eight  calcareous 
rings  extend  through  the  length  of  the  body  of  the  larva, 
enclosing  the  backward  prolongation  of  the  aboral  peri- 
toneal sac ;  and  the  series  terminates  by  a  broad  disooidal 
network  which  lies  on  one  side  of  the  posterior  end  of  the 
larva.  This  discoidal  plate  is  that  which  occupies  the 
attached  end  of  the  stem  of  the  future  Grinoid ;  the  rings 
become  the  siem,  and  the  two  circles  of  plates  the  basal 
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and  oral  ossicula  of  the  calyx,  respectivelj.  As  the  stem 
elongates,  new  rings  (articuli)  are  added  at  the  junction  of 
the  stem  with  the  calyx. 

The  larva  now  fixes  itself  by  the  discoidal  end  of  its 
stalk,  which  becomes  relatively  longer  and  narrower ;  while 
the  part  of  the  body  which  contains  the  basal  and  oral  plates, 
and  is  to  be  converted  into  the  calyx,  remains  thick  and 
short.  Its  broad  end  becomes  five-lobed,  each  lobe  answering 
to  an  oral  plate.  These  plates  separate  like  the  petals 
of  a  flower  bad,  and  discover,  in  the  centre,  the  wide  per- 
manent oral  aperture.  Between  the  margins  of  this  and 
the  oral  plates,  tentaouliform  pedicels,  at  first  only  five, 
but  erentaaUy  arranged  in  groups  of  three,  between  every 
pair  of  oral  plates,  make  their  appearance. 

The  aJimentaiy  cavity  is  still  a  mere  sac,  without  intestine 
or  anus. 

Five  radial  plates  next  appear  in  the  wall  of  the  calyx 
between  the  basal  and  the  oral  plates,  and  alternating  with 
both;  and,  in  correspondence  with  them,  the  arms  grow 
out  as  rapidly  elongating  processes,  in  which  the  other 
radials  are  successively  developed.  The  entire  zone  of  the 
calyx,  which  is  occupied  by  the  origins  of  the  arms,  at 
the  same  time  widens,  so  that  the  oral  plates,  which  remain 
round  the  mouth,  and  the  basal  plates,  which  encircle  the 
stem,  become  widely  separated.  The  intestine  grows  out 
as  a  diverticulum  of  the  alimentary  cavity  and  opens 
on  an  interradial  elevation  of  the  calyx,  in  which  an  anal 
plate  is  develox>ed.  The  young  Echinoderm  has  now 
passed  into  the  stalked  Pentacnnoid  stage. 

In  Conuxhila,  the  oral  and  anal  plates  disappear  altogether, 
and  the  basals  coalescing  into  the  rosette,  are  hidden  by 
the  first  radials,  on  the  one  hand,  and  the  centro-dorsal 
tubercle,  which  represents  coalesced  joints  of  the  stem,  on 
the  other.  The  arms  bifurcate  and  acquire  their  pinnules ; 
and  the  calyx,  with  its  appendages,  eventually  becomes 
detached  from  its  stem  as  a  free  ComaMa,  In  the  exist- 
ing stalked  Orinoids,  such  as  Peatacrinus,  on  the  other 
hand,  the  segments  of  the  stem  acquire  whor]s  of  cirri,  at 
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interrals,  and  no  sacli  modification  of  the  uppenaost 
mente  into  a  centro-dorsal  tubercle  takea  place. 


On  comparing  the  facta  of  stractore  and  developinent 
which  ha^e  now  been  ascertained  in  the  five  existing 
groups  of  the  Eehinodermaia,  it  is  obvious  that  the j  aie 
modifications  of  one  fundamental  plan.  The  segmented 
yitelluB  gives  rise  to  a  ciliated  morula,  and  this,  hj  a 
process  of  invagination,  is  converted  into  a  gastmla,  the 
blastopore  of  which  usuallj  becomes  the  anus.  A  mouth 
and  gullet  are  added,  as  new  formations,  hj  invagination  of 
the  epiblast.  The  embryo  normall j  becomes  a  free  !Eichi- 
nopffidium,  which  has  a  complete  alimentary  canal,  and  is 
bilaterallj  symmetrical.  The  cilia  of  its  ectoderm  dispose 
themselves  in  one  or  more  bands,  which  surround  the  body; 
and,  while  retaining  a  bilateral  symmetry,  become  variously 
modified.  In  the  HoUnthwridea,  Asteridea,  and  Crinoidea, 
the  larva  is  vermiform,  and  has  no  skeleton;  in  the 
Sehinidea  and  the  Ophitiridea  it  becomes  pluteif orm,  and 
developes  a  special  spicular  skeleton. 

If  an  EchinopflDdium  were  to  attain  reproductive  organs, 
and  reproduce  its  kind,  I  think  that  it  cannot  be  doubted 
that  its  nearest  allies  would  be  found  among  the  2Vir&eSaria, 
the  Bottfera,  the  Cfephyrea  and  the  Enteropneuda.^  But 
that  which  characterises  the  Eehi/nodemuxta  is  the  fact 
that  the  alimentary  canal  of  the  Echinoptedium  gives 
rise  to  an  enteroccele,  which  again  is  subdirided  into  two 


*  In  a  report  apon  the  'Ke- 
searches  of  Prof.  Muller  into  the 
anatomy  and  development  of  the 
Eohlnoderms.'  published  in  the 
*  Annals  of  Katurai  History'  for 
July  1851,  I  drew  attention  to 
the  affinities  of  the  Echinoderms 
with  the  Worms ;  and  in  a  paper 
on  Lacinvlaria  tocialiMj  read  be- 
fore the  Microscopical  Society  in 
the  same  year,  I  expressed  the 
Tiew  that  the  Rotifera  *are  Uie 

1>ermanent  forms  of  Echinoderm 
arvss,  and  hold  the  same  relation 


to  the  Echinoderms,  that  the 
Hydriform  Polypi  hold  to  the 
Medttsc,'  and  that  they  '  connect 
the  Echinodenns  with  the  Ke- 
matidse  and  the  Nematoid 
Worms.'  When  they  were  pub- 
lished, those  who  did  not  isnore 
these  views,  ridiculed  Uiem. 
Nevertheless,  though  somewhat 
crudely  expressed.  I  think  it  will 
be  admitted  they  nave  been  sub- 
stantially justified  bv  the  progress 
of  knowledge  duruig  the  last 
quarter  of  a  eentniy. 
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sjBtems  of  cavities,  one  ambnlaoral  and  the  other  peritoneal, 
and  that  the  meaobkot  beoomee  modified  in  accordance 
<with  the  arrangement  of  these  systems.  The  enterocoale 
may  be  formed  by  one  diverticiilam  or  by  three.  In  the 
former  case,  the  first  formed  becomes  sabdivided  into  three, 
of  which  one  is  anterior,  and  two  lateral,  as  in  the  latter 
case.  The  lateral  diyerticiila  give  rise  to  the  peritoneal 
cavity  and  its  lining :  the  median  diverticiilmn  is  conTerted 
into  the  circular  ambnlacral  vessel  and  its  dependencies ; 
and  it  is  in  consequence  of  the  radiating  disposition  of  the 
latter,  and  of  the  nerves  and  muscles  which  are  related  to 
it,  that  the  Echinoderm  possesses  so  mnch  radial  symmetry 
as  it  displays.  It  is  clear,  therefore,  that  the  radial  sym- 
metry of  the  Echinoderm  results  from  the  secondary  modi- 
fication of  an  animal,  which  is  primitively  bilaterally 
symmetrical ;  and  that  the  apparently  radiate  Echinus  or 
Star-fish  is  a  specially  modified  *  Worm,'  (using  that  term 
in  its  widest  sense)  in  the  same  sense  as  the  apparently 
radiate  CoronnHa  is  a  modified  Arthropod. 

Haeokel  goes  further  than  this,  and  supposes  that  each  ray 
of  a  Star-fish  or  Ophiurid,  for  example,  represents  a  Worm, 
and  that  the  Echinoderm  consists  of  coalesced  vermiform 
buds,  developed  in  the  interior  of  the  Echinopsedium.  I 
must  confess  my  inability  to  see  that  this  hypothesis  is 
supported  by  valid  reasons.  On  the  contrary,  the  more 
closely  one  compares  the  structure  of  the  ray  of  an  Echino- 
derm with  the  body  of  any  known  Annelid,  the  more 
difficult  does  it  appear  to  me  to  be  to  find  any  real  likeness 
between  the  two. 

In  order  to  find  any  analogy  for  the  production  of  the 
Echinoderm  within  the  Echinopeedium,  on  the  contrary,  it 
appears  to  me  that  we  must  look  to  the  lower  and  not  to 
the  higher  morphological  types.  Among  the  Hydratoa, 
nothing  is  commoner  than  the  distribution  of  the  functions 
of  life  between  two  distinct  zooids,  one  of  which  alone 
developes  reproductive  organs.  In  the  former,  the  hydrcmth, 
radial  symmetry  is  often  hardly  discernible  (e.g.  Cahfco- 
phorido^ ;  in  the  latter,  the  tnadtmnd,  it  is  very  marked. 
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and  especially  characteriseB  the  azrangeinent  of  the  gastr^- 
vascnlar  canals;  which  are  offshoots  of  the  alimentaiy 
cavity,  and  if  thej  became  shut  off  therefrom,  would  answer 
to  the  enteroccele  of  the  Echinoderm. 

Suppose  that  from  a  hydranth  such  as  that  of  a  Dipkffes, 
a  medusoid  were  developed,  and  that  instead  of  projecting 
from  the  exterior  of  the  body,  it  remained  hypodermic, 
spreading  out  between  the  ectoderm  and  the  endoderm  of 
the  hydroid,  and  consequently  superinducing  a  veij 
marked  radial  symmetry  upon  it.  The  resulting  form 
would  give  us  a  OcelGnterate  which  would  be  a  close  analogue 
of  an  Echinoderm. 

In  a  certain  sense,  an  Actinozoon  may  be  fairly  r^arded 
as  such  a  combination  of  a  hydroid  with  its  medusoid ;  and, 
hence,  it  must  be  conceded  that  the  parallel  between  the 
gastro-vascular  system  of  the  Ct&nophora  and  the  axnbu- 
lacral  system  of  the  Echinoderms,  instituted  by  the  ^der 
Agassiz,  was  well  worthy  of  consideration.  Sbut  off  the 
gastro-vascular  canals  of  a  Oydippe  from  the  alimentaiy 
canal,  and  they  become  an  enterocoele,  of  which  the  pro- 
loi^tions  along  the  stomach  may  be  compared  with  the 
peritoneal  sacs,  and  those  beneath  the  paddles  with  the 
ambulacral  vessels  of  the  Echinoderm. 

But  there  is  a  long  step  between  the  admission  of  the 
force  of  these  analogies,  and  the  conclusion  that  the 
Echinoderms  and  the  Ccelenterata  are  so  closely  allied  as 
to  be  properly  associated  in  one  natural  assemblage  of 
"  Radiate  "  animals.  On  the  contrary,  the  Echinoderm,  by 
its  Echinop»dium  stage,  shows  an  advance  in  organisation, 
far  beyond  anything  known  in  the  Cosknteraia;  and  in  the 
highly  characteristic  mode  of  development  of  its  enterocoele 
(the  elucidation  of  which  in  the  Star-fishes  by  Prof.  A. 
Agassiz,  is  the  most  important  advance  in  our  knowledge 
of  the  Echinoderms  made  since  the  time  of  Miiller),  the 
Echinoderm  agrees  with  the  higher,  and  not  with  the  lower 
Metcuoa, 

Sehmod&nnaia  abound  in  the  fossil  state.    Calcareous 
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plates,  referred  to  the  Sololhwrideti,  occur  in  the  meaosoie 
rocks,  but  are  not  known  earlier.  The  Star-fishes  are  met 
with  in  the  older  Pakeozoic  strata,  under  forms  very  similar 
to  some  of  those  which  now  exist.  The  Eehvmdea  abound 
from  the  Upper  Silurian  {faloBckiiMMt)  onwards.  The  Pakoo- 
zoic  forms  are  spherical,  and  have  multiple  interaaobulaoral 
plates  and  simple  ambulacra.  Eckmidea  of  the  modem 
tjpe  appear  in  the  Mesozoic  strata,  the  Eehinoida  first  ; 
while  the  Bpaiangoida  and  Ch^petubroida  are  of  later  date. 
This  order  of  occurrence  agrees  with  the  embiyonic  develop- 
ment of  the  two  latter  groups,  which  are  more  nearly 
spherical  when  young  than  subsequently. 

The  Crinoidea  abound  in  the  PalsBozoic  and  older  Mesoaoic 
rocks^  gradually  diminishing  in  number  in  later  formations. 
The  oldest  appear  to  have  all  been  stalked,  and  of  peculiar 
and  extinct  types. 

Three  groups  are  wholly  extinct,  and  aro  unknown  in 
strata  newer  Uian  the  Carboniferous  formation.  These  are 
the  CygHdea,  the  MrUxuterida,  and  the  BlaHoidea. 

The  Ctstibba. — In  their  general  characters  the  Oyakidea 
come  very  near  the  Orinoids.  Cryptoeriwu,  the  simplest 
form  of  the  group,  possesses  a  calyx  supported  on  a 
stem,  and  composed  of  five  boMlia,  five  parabaaalia,  and 
five  radialia.  An  inter-radial  aperture  is  surrounded 
by  a  cone  of  small  plates,  termed  the  pyramid.  The 
antambulacral  surface  has  no  pores,  but  these  were 
present  in  other  genera,  and  sometimes  are  scattered 
irregularly  (fiaryocrinus) ;  sometimes  disposed  in  pairs 
{SpJuBTonites) ;  while  sometimes  they  take  the  form  of 
parallel  slits  arranged  in  '*  pectinated  rhombs."  The  arms 
were  free  (ComarocyaUtes),  or  recurred  and  closely  applied 
to  the  calyx.  They  bore  pinnules,  which,  in  consequence  of 
the  non-development  of  the  arms,  were  sometimes  sessile  on 
the  radialia.  In  the  species  with  recurved  arms,  the  latter 
simulate  calycine  ambulacra.  There  is  an  aperture  placed 
in  the  centre  of  the  calyx  at  the  point  of  convergence  of 
the  ambulacra;  another  small  one  on  one  side  of  this; 
and,  thirdly,  the  aperture  of  the  pyramid.    The  first  of 

2^ 
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these  18  commonlj  regarded  as  the  mouth,  the  seoond  as 
the  anus,  the  third  as  the  reproductiye  apertnre. 

The  Cff$Hdea  would,  on  this  interpretation,  differ  from  all 
other  EohinademuUa,  except  the  E3naadundm^mm±  Btk- 
ikuridea,  in  the  genital  outlet  beiiig  sin^;  bat  aioimd  tiie 
central  d^erture  five  pores  are  seen,  in  some  species  at  least, 
to  which  a  genital  f uncticm  has  been,  ascribed.  In  anj  case, 
the  Cytttd&tt  would  appeariio  canwwjp  dosB'toHifr  CnsasHML 

The  Edbioastbbida. — ^This  group  contaiTia  serenl 
genera  of  extinct  Echinodcrms  {Edriocuter,  AgdaerinUeM, 
HemicygHfes),  which,  in  general  form,  somewhat  resemble 
what  the  Asterid  Ooniaater  would  be  if  its  angles  were 
rounded  off.  Like  the  Cystidea,  thej  possess  an  inteiam- 
bulacral  pyramid,  but  they  differ  from  them  in  that  ihej 
have  ambulacra  perforated  by  canals  which  open  directij 
into  the  cavity  of  the  calyx,  and  that  they  possess  no  aims. 
The  Edrioasterida  have  no  stem,  but  seem  to  have  been 
attached  by  the  aboral  face  of  the  body. 

The  Blastoidea. — In  PentremUea,  the  representative  of 
this  order,  the  ambulacral  and  antambulacral  regions  are 
nearly  on  an  equality :  the  body  is  prismatic  or  subcylin- 
drical.  The  pedunculated  calyx  is  composed  of  three  bacal 
plates,  two  of  which  are  double.  The  aboral  plates  reoeiTe 
in  their  intervals  five  plates  deeply  cleft  above.  In  the 
clefts  lie  the  apices  of  the  ambulacra,  the  oral  portions  of 
which  are  included  between  the  five  deltoid  inter-radial 
pieces  which  surround  the  mouth.  The  cleft  plates  are  not 
radiaJs,  but  portions  of  the  perisomatic  skeleton  of  the  aboial 
r^on.  Surrounding  the  centiul,  probably  oral,  aperture 
are  four  double  pores,  and  a  fifth  divided  into  three.  The 
median  of  these  three  seems  to  be  anal,  the  others  and  the 
paired  pores  being  genital.  Each  ambulacrum  is  lanceolate 
in  form,  and  presents  superficially  a  double  row  of  ossicles, 
which  meet  in  the  middle  line  and  support  pinnules  at 
their  outer  extremities ;  beneath  them  lies  a  single  plate, 
perhaps  the  homologue  of  the  vertebral  ossicles  in  the  Opkm- 
ridea :  beneath  it  again  are  parallel  canals,  the  nature  of 
which  is  unknown. 


(  «»  ) 
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THB  TTTNICATA   OB  ASCIDIOIDA. 

This  remarkable  and,  in  many  respects,  isolated  group  of 
marine  animals  contains  both  simple  and  composite,  fixed 
and  free  organisms.  None  attain  a  length  of  more  than  a 
few  inches,  and  some  are  minute  and  aknost  microscopic. 

The  simplest  members  of  the  group,  and  those  the  struc- 
ture of  which  is  most  readily  comprehensible  are  the  Appet^ 
dicuiaricB ;  minute  pelagic  organisms,  which  aoe  found  in  aU 
latitudes,  and  are  propelled  Hko  tadpoles,  by  the  flapping 
of  a  long  caudal  appendage  at  the  surface  of  i the  sea. 

Appendicularia  fiabeUwm  (Fig.  147)  has  an  ovoid  or  flask- 
shaped  body  (A),  one-sixth  to  one-fourth  of  an  inch  in  length. 
The  appendage  (B)  is  from  three  to  four  times  as  long  as  the 
body,  to  one  face  of  which  it  is  attached  near,  but  not  at, 
the  posterior  extremity.  It  is  flatte^ed,  and  is  supported 
by  a  firm  central  axis,  which  may  be  termed  the  wroehard 
(Fig.  147, 1).  The  g^reater  part  of  the  body  is  usually  in- 
vested by  a  structureless  gelatinous  substance,  but,  on  its 
rounded  hinder  extremity,  this  ceases  to  be  distinguishable 
from  the  ectoderm. 

On  the  caudal  appendage  the  polygonal  contours  of  the 
cells  of  which  the  ectoderm  is  composed,  are  plainly  dis- 
cernible. 

The  mouth  has  an  overhanging  lip.  It  leads  into  a 
large  pharyngesi  sac,  the  walls  of  which  are  formed  by  the 
endoderm.  Posteriorly,  this  sac  naiTowa  into  the  oesopbagus, 
which  bends  towards  the  hsmal  bide  of  the  body,  and  then 
opens  into  a  spacious  stomach,  which  takes  a  transverse 
direction  and  is  divided  into  two  lobes,  a  right  and  a  left.. 

2^2 
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EVom  tlia  left  lobe,  the  inteetdne  ariseij  and,  bending 

inwarda,  tnnu  abrnptlj  forwards  in  the  middle  line,  where  it 

terminaitea   midwsj  between   the   oral   apertnre    and   the 

attachment  of  tlie  oandal  append^^.    The  intestine  there- 

Fl«.  UT. 


poaitioii,  oi 


iafiaMlv*. 
.__  inimal  with  tbs  oodal  appeiidtce  Id  lla  ncrltawj 

^ ,  jr  turnad  fbnratit*. 

n,~Sldc  view  ot  ths  body,  with  tfas  uadAl  appendage  (brelblr  boil 

bukwardi. 
A,  the  body;  B,  tha  aBud4l  appends^;  a,  on!  apertora ;  t,  tht 
pharynx;  a,  an  atrial  opening;  d,  the  carreapondlDgillnna,  wllhiti 
cilia;  I,  *Dua;/,  rectum;  g,  cesophaitus;  '>,  ■',  slomaco;  i,  (catii; 
/.urochord;  m,  oellular  patch  at  the  aide  of  the  oral  and  of  the  body ; 
a,  e^daatyle ;  p,  ganglion ;  q,  ciliated  hc  ;  r,  otocyat ;  t,  poataijst 
berve  wiui  ita  ganglia.  ( ;  «>,  sododerm  ;  i  c,  ectudenn. 

fore  has  a  luemal  flexure.    In  the  middle  of  it«  h^mal 
aspect  the  endoderm  of  the  phaiTiigeal  oavitf  ia  niaad  into 
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a  fold,  whioh  projects  into  the  blood  cAvity  tontainei 
between  the  endoderm  and  ectoderm.  The  walls  of 'the 
bottom  of  the  fold  are  thicker  than  the  rest,  so  that, 
viewed  sideways,  it  has  the  aspect  of  a  hollow  cylinder. 
This  is  the  0fu{o«l2^2e.*    (Fig.  147,  n.) 

The  endoderm  of  the  pharynx  is  ciliated,  and  the  cilia 
are  especially  large  over  a  narrow  tract,  or  peripharyngeal' 
band,  which  encircles  the  oral  aperture  at  the  level  of  the ' 
anterior  end  of  the  endostyle,  and  is  contmned  back;  as  a 
hypopharyngeai  hand,  along  the  middle  of  the  netlral  face 
of  the  pharynx  to  the  (esophageal  opening. 

On  each  side  of  the  endostyle,  the  posterior  part  of  the 
hflsmal  wall  of  the  pharynx  presents  two  oval  apertncires  or 
gtigmaia  (Fig.  147  d),  encircled  by  cells,  which  are  providM' 
with  very  long  and  active  cilia.    Each  stigma  leads  into  i-  ' 
funnel-Bhaped  atrial  canal,  the  open  end  of  which  teimi"  - 
nates  beside  the  rectinn.t    (Fig.  147,  c.) 

The  heart  is  a  large  sac,  which  exhibits  rapid  peristaltic 
contractions,  and  is  placed  transversely  between  the  two 
lobes  of  the  stomach.  In  the  species  which  I  observed  no 
blood  corpuscles  could  be  seen,  and  the  direction  of  the 
pulsaitions  of  the  heart  was  not  reversed  at  intervals^^  as 


•  So  desezibed  and  named  in 

my  "Observations  upon  the 
Anatomy  and  Physiology  of  Sal- 
pa  and  Fyroaoma,  together  with 
remarks  upon  I>oholum  and 
Appendicularia."  (Phil.  Trans. 
1851.)  In  1856,  however,  I  stated 
''  With  regard  to  the  endostyle,  I 
have  nothing  important  to  add  to 
my  previous  account,  except  that 
I  believe  it  to  be  here,  aa  in  other 
ascidiansy  the  optical  expression 
of  the  thickened  bottom  of  a 
fold  or  groove  of  the  branchial 
sac."  (*  Quarterly  Journal  of 
Miorosoopical  Sdence,'  April, 
1856.)  In  my  memoir  on  Pyro- 
Boma  (Linn.  Trans.  1860,  p.  205) 
the  eudostyle  is  stated  to  be  "*  in 
reality  a  lon^tndinal  fold  or 
diverticolum  of  the  middle  of  the 


haemal  wall  of  the  i^arytex, 
which  projeets  as  a  vertical  ndge 
into  the  haemal  sinus,  but  re- 
mains in  free  communication 
with  the  pharynx  by  a  cleft  upon . 
its  neural  side.'* 

t  These  stigmatar  were  Urst  d«> 
scribed  by  Ge^enbaur  (^  Bemef- 
kungen  uber  die  Organization  der 
Appendicularien ;  Zeitschrift 
ftir  Wiss.  Zoologle,  1855^  who 
supposed  that  they  communicated 
wito  canals  of  the  interior  of  the 
body.  However,  by  feeding  jip^ 
pendkularia  with  indigo,  I  demon- 
strated the  oommunieation  of 
these  stigmatic  funnels  vrith  the 
exterior  of  the  body.  (^Quai^ 
terly  Journal  of  Mlcroacopieal 
Sdenee/  La.) 
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it  is  in  the  AsoidiaoB  in  general.  M..F0I,*  howerer,  atates 
that,  in  other  Appendieularim,  the  reversal  of  the  oon- 
traotioiia  o£  the  heart  takes  place.  Like  myself  he  has 
been  unable  to  discover  an j  blood  corpnsoles.  There  are  no 
distinct  vessels,  bnt  the  colonriess  fluid  which  takes  the 
place  of  blood  makes  its  way  through  the  interspaces 
between  the  ectoderm  and  endoderm  and  the  vKrioos 
viaoera. 

The  nervous  system  consists  of  a  g^glion.  (Pig.  147,  j») 
situated  nearly  opposite  the  anterior  end  of  the  endoetyle  ; 
in  front,  this  gives  o£F  the  nerves  to  the  sides  of  the  moutii, 
while^- behind,  it  is  contlnaed  into  a  long  cord  («),  which 
runs  back  beside  the  Odsophagns,  and  between  the  lobes  of 
the  stomach,  to  the  base  of  the  appendage.  It  then  passes 
along,  one  side  of  the  urochord  to  its  extremity,  giving  off 
nerres  at  intervals.  At  the  origins  of  these  nerves  aggre- 
gations of  ganglionic  cells  are  situated  (Fig.  147,  t).  The 
most  anterior  of  these  ganglia  is  the  largest^f 

A  rounded  otocyst  containing  a  spherical  otolith  ia 
attached  to  the  ganglion,  and  a  small  ciliated  sac,  which 
opens  into  the  pharynx,  is  in  dose  relation  with  it  (Fig.  147, 
r,  q),  M.  Fol  describes  a  number  of  fine  tactile  sete 
situated  around  the  oral  aperture. 

The  urochord,  which  constitutes  the  axial  skeleton  of 
the  appendage,  is  transparent,  rounded  at  each  end,  and 
bounded  by  a  delicate  membrane.  The  remains  of  the  oeUs 
of  which  it  is  composed  are  to  be  seen  in  it,  here  and 
there»  as  ramified  corpuscles  lodged  in  its  periphery. 

The  only  muscles  hitherto  observed  in  Appendieuiaria 
are  two  sheets  of  striped  fibres  interposed  between  the 
urochord  and  the  cellular  ectoderm  of  the  appendage. 

The  reproductive  organs  occupy  the  rounded  projection 
formed   by  the   posterior  part  of  the  body  behind  the 

*  *  Etudes  sar  let  Appendicu-  eularuBf  counts  this  as  the  second 

lalres,'  1872.  ganglion  of  tlie  nervous  system, 

f  *  Quarterly  Journal  of  Micro-  and  states  that  a  fine  canal  tra- 

soopical  Science,'  1856,  pp.  8,  9.  verses  both  the  ganglia  and  the 

M.    Fol,   who    finds    the    same  longitudinal  nerve, 
arrangement  in  other  Appendi* 
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digesidye  canaL  The  testis  (Fig.  147,  Jk)  is  a  large  oelliilar 
mass  which  fills  the  greater  parfc  of  the  caviiy  of  this  pro- 
jection in  the  adult.  When  fully  formed,  it  is  resolved  into 
spermatozoa  with  rod-like  heads  about  j^f^ih.  of  an  inch 
long  and  verj  fine  filiform  tails.  They  escape  by  the 
dehiscence  of  the  testis. 

I  have  never  met  with  Appendietdarim  containing  ova, 
nor  do  any  other  observers,  except  M.  Fol,  appear  to  have 
been  more  fortunate.  The  latter,  however,  states  that  these 
animals  are  hermaphrodite  (Oikoplmwa  dioica  apparently  is 
liioMsioiiB),  and  that  the  ovary  is  developed  later  than  the 
testuB.* 

Two  singnlar  rounded  patches  of  a  cellular  structure  (Fig. 
147,  II.  m)  are  interposed  between  the  ectoderm  and  the 
endoderm  on  each  side  of  the  anterior  end  of  the  endostyle. 
Similar  bodies  occur  in  other  Ascidians,  but  their  function 
is  unknown. 

One  of  the  strangest  peculiarities  of  the  AppendiouilarkR 
is  the  power  which  they  possess  of  excreting  from  the  surface 
of  the  ectoderm,  with  extreme  rapidity,  a  mucilaginous 
cuticular  investment,  in  the  interior  of  which,  as  in  a  spacious 
case,  the  whole  body  is  lodged.  This  is  what  was  originally 
described  by  Mertens  as  the  *'  house  "  of  the  AppendMuUxna, 
It  is  obviously  the  homologue  of  the  test  of  other  Ascidians, 
which  is  often  adherent  to  the  ectoderm  by  only  two  or 
three  points;  but  no  cellulose  has  been  discoyered  in  it. 
According  to  M.  Fol,  who  has  studied  the  formation  of  the 
"  house  "  with  great  care,  the  AppendicvlaricB  have  no  proper 
test,  and  what  I  have  described  as  the  structurelesB  gelatinous 
investment  of  the  anterior  part  of  the  body  is  the  commence- 
ment of  the  "house."    It  increases,  assumes  a  peculiar 


*  I  mait  confess  that  M.  Fors 
figures  and  descriptions  of  tbe 
ovary  and  ova  are  not  satisfactory 
to  me,  and  his  dismissal  of  ihesuo- 
ject  of  their  development  in  the 
following  paragraph  is  tanta- 
lising:— 

**  Le  d^ve!oppement,que  j*ai  pu 
Sttivre  jnsqo's  la  formation  de  la 


larve,ne  me  psrutdiff<lrer  en  rien 
de  celui  des  Ascidies;  etoomme 
d'autre  part,  la  petitesse  de  ces 
ceufs  et  la  difficultd  qu'on  a  de  les 
obtenir  les  rendent  pen  favorables 
k  I'etude,  je  n'ai  pas  juge  k  propos 
d'approfondir  davantage  ce  so- 
jet.*'  (1.  0.  p.  1.) 
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fibrous  straotnre,  and  in  the  conrae  of  an  hour,  in  a  Tigovooa 
animal,  it  is  separated  as  an  enrelope  in  which  the  whole 
body  is  capable  of  free  movement.  In  front,  it  presents  two 
funnel-shaped  apertures  supported  by  a  fibrous  trellis-work, 
which  lead  down  to  the  cavity  in  which  the  body  ia  con- 
tained. A  spacious  median  chamber  allows  of  the  free 
motion  of  the  tail.  After  a  few  hours  the  animal  deserts 
its  test  and  forms  another. 

In  the  great  majority  of  those  7\mioaia  which  are  fixed 
in  the  adult  state,  the  young  leave  the  egg  in  an  active 
larval  condition,  and  resemble  Appendieularia  in  bdng 
propelled  by  a  muscular  appendage  in  the  axis  of  which  lies 
an  uroohouHl  The  body  and  appendage,  however,  are  in- 
vested by  a  coat,  or  ted,  impregnated  with  cellulose,  and  tiie 
former  presents  some  important  structural  differences  from 
that  of  Appendi>cularia,  After  a  free  existence  of  a  certain 
duration,  the  body  of  the  larva  fixes  itself,  the  appendage 
withers  away,  and  the  young  animal  assumes  the  ordinaty 
form  of  a  fixed  Ascidian.  It  may  remain  simple,  or  it  may 
develope  buds  and  give  rise  to  a  compound  organism  or 
As&idiourium,  consisting  of  many  AscidLozooids  united  to- 
gether. 

AH  the  fixed  Tunicates  pi^sent  two,  more  or  less  doaely 
approximated,  apertures;  one,  oral,  leads  into  the  ali- 
mentary cavity,  the  other,  olruiZ,  opens  into  a  chamber, 
the  aMmmt  into  which  the  ftsces  and  genital  products 
arei)oured.  During  life,  when  these  apertures  are  open, 
a  current  sets  into  the  oral  and  out  of  the  atrial  opening. 
But  if  the  animal  is  irritated,  the  sudden  contractian  of 
the  muscular  walls  of  its  body  causes  the  water  contained 
in  the  brachial  and  atrial  cavities  to  squirt  out  in  two 
jets,  while  both  apertures  are  speedily  dosed. 

The  apertures  are  much  further  apart  in  some  forms 
than  in  others,  and  in  certain  of  the  BoiryUidoB  they  are 
almost  terminal.  In  the  pelagic  genera  PyroBoma  (Fig.  150) , 
Doliolwm  (Fig.  151),  and  Salpa  (Fig.  152),  the  atrial  and  oral 
apertures  are  at  opposite  ends  of  the  longest  diameter  of 


TBI  TVSIUTA. 


the  bodj ;  and,  in  the  kwo  latter,  locomotion  is  efieoted  bf 
the  contnution  of  bwrcrae  mnaonlAr  bands,  which  drirw 


Fig.  lis.— PioJ/uia  MAMa.— Th*  tMt  fi  remoTad,  tad  hudly  mora 
of  the  animil  repraentnl  than  would  be  nen  in  a  longiiudioal 
•eeCion :  a,  oral  aperture;  ft.nnglion;  c,  circlet  of  lenlaclea;  d, 
branchial  iie,  the  three  ram  of  Kparturai  la  il*  upper  part  IncUoate 
butdouatrapreaent  theitigmata;  i,  tbe  laagueti ; /,  the  (Hophageal 
opening;  g,  the  itomach;  A,  the  inl«a(ine;  t,  (Ae  anui;  k,  the 
atriom;  /,  til*  adW  Bpertura ;  m,  the  endoeCjIe ;  ■,  the  bear*. 
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the  water  out  of  tlie  one  aperture  or  the  other,  and  causes 
the  body  to  be  propelled  in  the  opposite  direction. 

When  one  of  the  simple  fixed  Ascidians,  such  as  a  Pfcol* 
lusia  (Fig.  148)  or  a  OyTdhia,  is  laid  open  by  a  section  canied 
through  the  oral  opening,  at  right  angles  to  a  transverse 
plane  passing  through  its  centre,  the  mouth  is  found  to 
open  into  a  large  pharyngeal  dilatation,  termed  the  brcm- 
ehial  9ae  (Fig.  148,  d).  A  series  of  simple  or  pinnatifid  ten- 
tacles (Fig.  148,  e)  is  seen  encircling  the  oral  aperture*  at 
JHflte  litUe  distance  within  the  nuu^gin  of  the  lip,  which 
is  usually  divided,  like  that  of  the  atrial  evening,  into 
four  or  six  lobes.  Immediately  behind  tiie  tentacular 
circlet  is  a  ciliated  peripharyngeal  band. 

On  that  side  of  the  branchial  cavity  which  is  furthest 
away  from  the  atrial  opening,  a  pair  of  delicate  lip-like  folds 
extend,  parallel  with  one  another,  from  the  peripharyngeal 
band,  along  the  middle  line  of  the  branchial  sac,  as  far  as  the 
opening  of  the  (esophagus  at  the  opposite  end  of  the  branchial 
sac.  The  interspace  between  these  leads  into  a  fold  of  the 
endoderm,  lined  by  a  thick  epithelium  and  forming  the  endo- 
style,  and,  in  the  middle  line  of  the  peripharyngeal  Iwnd,  on 
the  same  side  as  the  atrial  aperture,  there  is  a  tubercular 
elevation,  which  contains  a  ciliated  caviiy  and  answers  to 
the  ciliated  sac  of  Appendieularia.  The  walls  of  this  sac 
are  variously  folded,  and,  consequently,  the  surface  of  the 
tubercle  presents  a  more  or  less  complicated  pattern.  Con- 
tinued backwards  in  the  middle  line,  as  far  as  the  cbbo- 
phageal  aperture  on  this  side  of  the  branchial  sac,  there  are 
sometimes  one,  sometimes  two  longitudinal  lamelLe,  the 
hypopharyngecd  folde ;  or  there  may  be  merely  a  ridge  sur- 
mounted by  a  series  of  tentacles,  termed  langueU  (Fig.  14S,  e). 
The  languet  which  is  nearest  the  ciliated  sac  is  often  the 
largest  of  the  series.  Behind  the  peripharyngeal  band,  the 
lateral  walls  of  the  pharyngeal,  or  branchial,  sac  are  perfo- 
rated by  small  elongated  apertoi'es,  the  sHgmatct,  the  edges  of 
which  are  fringed  with  long  cilia ;  and,  by  means  of  these 
apertures,  the  cavity  of  the  sac  communicates  with  the 
atrium. 
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The  stigmata  are  arranged  in  transverse  rows  and  are 
usually  very  numerous.  The  reticulated  wall  of  the 
branchial  sac  may  be  strengthened  by  longitudinal  lamells, 
or  it  may  be  raised  into  few  and  distant,  or  many  and 
close-set  folds.  In  some  cases,  papilla  of  a  complicated 
form  are  developed  from  the  inner  surface  of-  the  sac,  and 
its  outer  wall  is  always  connected  by  vascular  trabecids  with 
the  parietal  waU  of  the  atrium.  In*  some  cases,  {Molgula) 
the  ■^fiiiits,  instead-  of  being  elongated  meshes,  are  coiled 
spiralb^.  The  atrial  dnmber  (fig.  148,  H^,  into  which  the 
branchial  stigmata  open,  is  shown  by  laying  it  open  fcom 
the  atrial  aperture,  in  the  same  way  as  the  branchial 
chamber  was  laid  open  from  the  oral  aperture.  The  atrial 
opening,  is  thus  seen  to  lead  into<  a  cavity,  interposed 
between  the  branchial  sac  and  the  parietes,  and. lined  upon 
all  sides  by  a  delicate  membrane  {the  third  tunie  oi  Milne- 
Edwards)  like  a  peritoneum.  This  membrane  has  a  parietal 
and  a  visceral  layer.  The  former  is  continued  from  the 
atrial  aperture  on  to  the  parietes  of  the  body,  to  the  level  of 
the  peripharyngeal  band  in  one  direction,  to  a  line  par- 
allel with  the  endostyle  in  another,  and  to  the  alimentary 
and  genital  viscera  in  a  third  direction.  From  these  va- 
rious lines,  it  is  reflected  on  to  the  branchial  sac,  of  which  it 
forms  the  outer  wall.  At  the  margins  of  the  stigmata  it  is 
continuous  with  the  endoderm  of  the  pharynx,  and,  at  the 
aperture  of  the  rectum,  with  the  endoderm  of  the  intestine. 
Thus  the  atrial  membrane  foi-ms  a  bilobed  sac,  one  lobe 
extending  on.  each  side  of  the  pharynx,  and  opens  out- 
wards by  the  atrial  aperture ;  it  communicates  by  the  stig- 
mata with  the  interior  of  the  branchial  sac ;  and,  by  the 
anal  and  genital  openings,  it  receives,  the  f»ces  and  genital 
products.  The  current  which  sets  in  at  the  oral  and  out  at 
the  atrial  aperture  is  set  in  motion  by  the  cilia  of  the  "Stigmata. 

The  atrium  of  the  higher  Ascidians  differs  from  that  of 
Appendieularia,  not  only  in  extent,  but  in  being  single  and 
not  double ;  and  in  its  single  aperture  being  placed  ui>on 
the  neural  aspect  of  the  body  dose  to  the  ganglion,  while 
the  atrial  funnels  of  Appendictdaria  open  upon  the  hmmal 
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aspect  of  the  body.  The  derelopment  of  the  higher 
eaia,  howevet,  shows  that  the  peculiarities  of  the  atrium  in 
them  are  of  seoondary  origin ;  and  that,  to  begin  with,  there 
are  two  distinct  atria,  as  in  AppendietUarui. 

The  oesophageal  aperture  is  nsnally  sarroimded  by  a  raised 
lip,  and  the  short  and  wide  cesophagns  leads  into  a  dilated 
stomach,  whence  a  shorter  or  longer  intestine  proceeds.  The 
aiimentary  canal  is  always  bent  upon  itself  in  such  a  manner 
that  the  anus  terminates  on  the  neural  side  of  the  body, 
in  the  atrial  chamber. 

In  Clavelinaf  Amowroueiwn,  DidetMiwnf  Syniethyw,  and 
most  of  the  compound  Ascidians,  the  greater  part  of  the 
alimentary  canal  lies  altogether  beyond  the  branchial  sac, 
in  a  backward  prolongation  of  the  body  which  has  been 
termed  the  abdomen,  and  is  often  longer  than  all  thereat  of 
the  body ;  the  alimentary  canal  forming  a  long  loop,  and 
the  direction  of  the  axis  of  the  branchial  sac  being  continaed 
by  that  of  the  gullet,  stomach,  and  first  half  of  the  intestine. 
In  the  BotryUidcB,  however,  the  stomach  is  bent  at  ri^t 
angles  upon  the  gfullet,  as  in  AppeTidieularia ;  the  intestine 
almost  immediately  turns  forward,  and  then,  turning  shaiplj 
upon  itself,  passes  forwards  parallel  with  the  hinder  port  of 
the  branchial  sac,  on  one  side  of  which  it  opens  into  the 
atrium. 

A  similar  arrangement  obtains  in  Perophoraf  but  the 
branchial  sac  extends  backwards  for  a  short  distance  on  one 
side  of  the  stomach.  In  the  solitary  Ascidians,  the  stomach 
lies  sometimes  altogether  behind  the  branchial  sac  (PeUmaieL, 
some  PhaUuei€B) ;  but,  usually,  the  branchial  sac  extends  so 
far  back  that  the  whole  alimentary  canal  lies  on  one,  usua% 
the  right,  side  of  it.  In  PhaUuna  monctehiu,  the  hinder  end 
of  the  branchial  sac  is  recurved,  and  the  (esophageal  opening 
looks  backwards  to  the  fundus  of  the  sac,  instead  of  forwards 
to  the  mouth. 

In  many  Ascidians,  a  strong  fold  of  the  endoderm  of  the 
intestine  projects  into  its  interior,  as  m  Lamellibraaichs 
and  in  the  Earthworm,  where  such  a  fold  constitates  the 
BO-eaUed  ii^phlo$9U. 
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In  ike  pelagic  Tnnicates,  8€i^a,  Pyroiema,  and  DoUolvm, 
I  found  a  sjstem  of  fine  tubulee  *  whicli  ramify  oTer  the 
intestine  and  are  eventoally  gathered  together  into  a  duct 
which  terminates  in  the  stomach.  An  apparatus  of  the 
same  nature  exists  in  PhaUtuna,  OyrUhia,  Molgida,  Ferophora, 
BoiryUus,  BotryUoides,  Clavelina,  ApUdum,  BXLdDidemiMiim,f 
and  I  have  little  doubt  that  it  is  hepatic  in  its  function. 
In  some  CynthuBf  however,  there  is  a  follicular  liver  of  the 
ordinary  character,  which  opens  into  the  stomach  by  several 
ducts. 

In  some  PhaUueioBf  the  alimentary  canal  is  coated  by  a 
very  peculiar  tissue,  consisting  of  innumerable  spherical 
sacs  containing  a  yellow  concretionary  matter.  In  Molgula 
(and  in  the  Ascidia  vUrea  of  Van  Beneden)  an  oval  sac 
containing  concretions  lies  close  to  the  genital  gland,  on 
one  side  of  .the  body.  As  these  concretions  have  been  shown 
by  Kupfer;^  to  contain  uiic  acid,  the  organ  must  he  re- 
garded as  renal  In  function.  M.  Lacaze-Duthiers  §  terms 
this  sac  an  ''oiqgan  of  Bojanus;"  but,  as  he  admits,  no 
qp^iing  is  discoverable :  it  would  probably  be  more  correct, 
therefore,  to  regard  it  as  the  representative  of  the  glandular 
part  jt>f  the  organ  of  Bojanus.  || 

The  heart  is  an  elongated  sac  open  at  each  end,  lodged 
near  the  stomach,  and  dose  to  the  hinder  extremity  of  the 
branchial  sac.  After  a  certain  numbw  of  contractions  in 
one  direction,  it  stops  and  contracts  for  the 'same  number 


*  Savigny  seems  first  to  haye 
observed  this  organ,  as  would 
appear  from  his  account  of  Dia- 
zona,  ('Memoires  sur  les  Ani- 
maux  sans  vertebres,'  p.  176,) 
and  the  description  of  plate  12. 
Lister  mentions  and  0^res  it  in 
Perophora  (Phil.  Trans.  1834). 

t  *  ReporU  of  the  British 
Association,'  1852.  Hancock** On 
the  Anatomy  and  Physiology  of 
the  Tunicata."  (' Journal  of  the 
Linnean  Society '  Vol.  IX.)  The 
development  of  these  tubules 
from  the  stomach  was  traced  by 
Krohn  in  PhaUmia,  sod  by  vaytw 


in  Pyrofoma. 

X  "Zur  Entwiokelung  dar  ein- 
fachen  Ascidien."  (^  Archly  ftr 
Mikr.  Anatomie,*  1872.) 

§  "Les  Ascidies  simples  des 
Cotes  de  France."  (<  Arohiyes  do 
Zoologie  experimentale,'  1874.'^ 
M.  Lacaze-Duthiers  has  obtained 
murexide  by  heating  this  sub- 
stance with  nitric  acid. 

II  There  is  a  close  resemblance 
between  the  cells  of  which  this 
organ  is  composed  and  those 
which  constitute  the  primitivo 
kidney  in  the  Puhumata. 
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of  times,  in  the  oppodte-diaBMlHHK  fkeowrm  ot  Ae  or- 
mlntiwi  miUnmrened  with  great  regolarity.  The  Uood 
18  a  dear  fluid,  containing  colourless  corpusdea. 

Bespiration  is  effected  in  the  walls  of  the  branchial  nc 
through  which  the  blood  is  driTen.  The  supply  of  aerated 
water  is  kept  up  by  the  currents  already  mentioned,  which 
sabaerve  the 'ingestion  of  food,  the  respiratory  proeess  and 
the  ejection  of  effete  matters,  as  well  as  the  expulsion  of  the 
generative  products.  The  test  in  which  the  hody  is  en- 
closed is  sometimes  closely  adherent  to  the  surface  of  tiie 
ectoderm,  but  sometimes  is  united  with  it  only  at  the  onl 
and  atrial  apertures,  and  by  prolongations  of  the  body.  In 
consistency  it  presents  every  variety,  from  soft  and  gela- 
tinous, to  dense  and  hard  like  cartilage,  or  tough,  like  fibroos 
tissue.  In  some  cases  the  exterior  of  the  test  is  covered 
with  homy  spines,  tubercles,  or  even  with  reguhrkj  ^uijm^ 
plates  {Chelyosoma), 

In  texture,  the  test  may  present  merely  a  'homogeneont 
matrix,  in  which  cells  like  connective  tissue  corpuscles  may 
be  scattered;  or  it  may  resemble  cartilage  {PhaUmsia)  or 
fibrous  tissue.  In  most  cases  it  is  non-vascular;  but»  some- 
times, tubular  prolongations  of  the  ectoderm,  divided  bj  a 
median  septum  and  containing  blood,  enter  it  at  one  point 
and  thence  branch  out  through  its  substance. 

In  the  ChevreuUfu  of  Lacaze-Duthiers,*  the  test  is  some- 
what like  a  snuff-box  with  a  moveable  lid.  There  is  no 
hiDge,  however,  but  the  substance  of  the  lid  is  continuona 
with  that  of  the  rest  of  the  test  along  the  line  of  junction. 
And  the  elasticity  of  this  part  causes  the  lid  to  stand  open, 
unless  it  is  shut  by  the  contraction  of  two  adductor  muscles 
which  are  attached  to  it. 

The  reproductive  organs  of  the  two  sexes  are  united. 
Usually,  the  testis  and  the  ovary  have  the  form  of  racemose 
glands  situated  in  the  loop  formed  by  the  intestine;  or 
beyond  it,  when  the  '  abdomen '  is  long ;  and  their  ducts 
run,  parallel  with  one  another,  to  open  close  together  beside 
the  anus.  In  many  of  the  simple  Ascidians,  however,  the 
•  '  Annates  dcs  Sciences  Naturelles,'  186d. 
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I.  The  Teaiealar  morals,  flattened  and  about  to  undergo  invaffinatkni ; 
/A,  blastocople.  The  large  blaBtomeres  constitute  the  hTpoolssC,  the 
smsll  ones  the  epiblast 

n.  The  gsstrula  with  the  blastopore,  or  opening  of  invagination,  m: 
eA,  the  blsstomeres  which  constitute  the  rudiment  of  the  uoebord; 
di,  the  remaining  blsstomeres  of  the  hypoblast. 

III.  A  more  advanced  embryo ;  db,  eU,  as  before,  e,  the  epiUast;  n, 
the  nervous  layer  of  the  neural  cavity,  which  is  now  open  only  is 
front  near  lA, 

lY.  An  embryo  with  the  caudal  appendage  distinct.  The  nerre  tnb« 
fi  is  complete,  and  the  muscle-cells  m,  are  distinguishable. 

Y.  The  body  of  a  larva  ss  it  escapes  from  the  egg.  a,  the  eje;  ^, 
the  saccular  anterior  end  of  the  central  nervous  apparatus  into 
which  the  otolith  projects ;  Rg,  Em,  its  tubular  backward  prolon- 
gation ;  CfUy  cells  of  the  urocnord  ;  o,  mouth ;  kl^  atrial  aperture ; 
ff  opening  at  the  anterior  end  of  the  central  nervous  apparatus,  bj 
which  it  communicates  with  the  alimentary  cavity;  d^  commence- 
ment of  the  oesophagus  and  stomach ;  m,  blood  corpuscles ;  k^ 
papillsB  by  which  the  larva  attaches  itself. 

Yl.  The  body  and  the  commencement  of  the  caudal  appendage  of  t 
fVee  larva  two  days  old.  en,  endostyle;  it,  brandual  sac;  Mt^ 
2As,  branchial  stigmata;  66,  entrance  into  the  blood  sinas  between 
them ;  <f,  intestine ;  bp  blood  corpuscles ;  Um^  atrial  aperture. 

reproductiye  organs  are  lodged  in  the  lateral  walls  of  the 
atrial  cavitj,  and  their  ducts  are  distant  from  the  anns; 
and,  sometimes,  there  are  many  distinct  genital  glands. 

In  some  genera,  e.g.  Phallusia,  each  egg  is  snrroanded 
hj  an  oyicapsiile  formed  bj  the  coalescence  of  cells  of  the 
epithelial  lining  of  the  ovary,  and  these  cells  may  grow  out 
into  processes  which  give  the  fully  formed  egg  a  stellate 
appearance. 

Complete  yelk-division  takes  place,  and  the  morula  under- 
goes invagination  (Fig.  149, 1.  II.).  A  longitudinal  depres- 
sion of  the  epiblast,  extending  forwards  from  the  margins 
of  the  aperture  of  invagination,  next  makes  its  appearance; 
and,  deepening,  gives  rise  to  an  involution,  the  edges  of 
which  unite  and  thus  shut  off  a  tubular  portion  of  the 
epiblast.  This  ia  the  rudiment  of  the  nervous  ganglion 
(Fig.  149,  III.).  The  aperture  of  invagination  doses,  and 
an  outgrowth  of  the  body  gives  rise  to  the  caudal  append- 
age, into  which  the  urochord,  formed  by  the  ooalesoenoe 
of  certain  cells  of  the  hypoblast,  extends  (Fig.  149,  lY.). 
The  sac  of  the  hypoblast  becomes  divided  into  its  iMranchial, 
oesophageal,  gastric,  and  intestinal,  portions,  and  the  mouth 


THB  DBYBLOPMBHT  OW  THB  T17NICATA. 


eo9 


18  formed  by  the  perf oratioii  of  a  spot  in  wliioh  the  hypo- 
blast and  Uie  epiblast  cohere  (Fig.  149,  YI.).  The  atrial 
cavity  is  formed  by  two  involntions  of  the  ectoderm,  which 
extend  inwards  and  apply  themselres  to  the  lateral  and 
neural  walls  of  the  branchial  sac  (Fig.  149,  YI.).  Their 
originally  separate  apertures  eyentoally  coalesce  into  one.* 
The  atrial  tnnic  thus  formed,  and  the  walls  of  the  branchial 
sac,  coalesce  and  become  perforated,  in  order  to  give  rise 
to  the  stigmata. 

The  test  appears,  at  first,  to  be  a  cnticolar  secretion  of  the 
epiblast,  and  to  derive  its  oellnlar  elements  from  the 
wandering  into  its  substance  of  cells  derived  from  the 
epiblast. 

In  Molgt/la  tubuhsa,  Kupfer  and  Lacaze-Duthiers  have 
observed  that  the  fecundated  eggs  are  expelled  from  the 
atrial  cavity  and  almost  immediately  become  fixed  to  the 
surface  on  which  they  fall.  Yelk-division  takes  place,  and 
after  four  nearly  equal  blastomeres  are  formed,  much 
smaller  ones  are  developed  from  one  face  of  these,  and 
increase  until  they  constitute  a  blastodermic  layer  around 


*  In  1852  Krohn  discovered  the 
fact  that  the  larva  of  PhaQH$ia  is 
provided  with  two  distinct  sym- 
metricallv  disposed  openings,  by 
which  the  originally  separate 
atria  open  outwards ;  and  that  the 
two  eventually  coalesce  into  the 
single  atrium  of  the  adult.  Kowa- 
lewsky,  Fol,  and  later  obser- 
vers, agree  that  these  openings 
and  the  atrial  sacs,  are  formed 
by  two  involutions  of  the  ecto- 
derm, which  apply  themselves  to 
the  sides  of  the  pharynx,  and 
coalesce  with  it  at  the  points 
which  become  perforated  pv  the 
stigmata ;  of  which,  in  Phaumna^ 
there  are  at  first  but  two  on  each 
side.  If  this  is  a  true  account  of 
the  origin  of  the  atrium,  the 
atrial  membrane  is  obviously 
part  of  the  ectoderm,  and  its 
cavity  is  analogous  to  the  pallial 
oavily  of  a  moUusk. 


On  the  other  hand,  Metschni- 
koff  and  Kowalewsky  agree  that 
in  tiie  buds  of  Botrymu.  and  other 
ascidians  which  multi]^iy  bv  gem- 
mation, the  two  priminvefy  dis- 
tinct atrial  cavities  are  portions 
of  the  alimentary  sac,  which  be- 
come shut  off  from  it,  and  sub- 
sequently open  outwards. 

MetschnikoffO'Entwickelungs- 
geschichtliche  Beitr&ffe,"  '  Bulle- 
tin de  TAcad.  St  Petersbourff,' 
ziii.)  therefore  compares  the 
atrium  to  the  enteroccele  of  Echi- 
noderms.  Renewed  observations 
specially  directed  to  this  point, 
which  is  of  great  morphological 
importsmce,  are  much  needed.  If 
the  atrial  cavity  is  really  an 
enterocoele.  it  will  answer  to  the 
perivisceral  cavity  of  the  BrathiO' 
poda^  the  pseudo-hearts  of  which 
will  correspond  with  the  primi- 
tive atrial  aperture. 

2  s 


^0       THX  AITATOMT  OF  INTBBTSBRATSD  AHXICALS. 

the  larger  blasiomei^es,  which  undergo  a  slower  diTuion. 
The  alimentarj  cavity  is  formed  by  invagixiatioii.  The 
embryos  leave  the  egg  as  oval  bodies,  capable  of  under- 
going considerable  but  slow  changes  of  form,  and  devoid 
of  any  caudal  appendage.  Each  embryo  rapidly  invests 
itself  with  a  tnuisparent  test,  throws  out  several  tabular 
prolongations  of  the  ectoderm,  and  finally  passes  into  the 
adult  condition.  Although  no  tail  is  developed,  a  cellular 
mass  is  to  be  seen  in  the  same  position  as  that  occupied  bj 
the  remains  of  this  appendage,  when  it  has  undergone  its 
retrogressive  metamorphosis,  in  the  Ascidianswith  caudate 
lanraB.  The  atrial  aperture  is  single  at  its  first  appearance, 
and  no  larval  sensory  organs  are  developed. 

Seepage  611. 

Fig.  1 50. — Pyroaoma  ffiganteMm,—!.  A  vertical  section  of  &e  wall  of  the 
Ascidiarium  near  the  cloacal  apertore  and  incloding  its  lip.  II. 
The  youngest  condition  of  a  bud  before  the  ectoderm  is  •le^'ated. 
III.  IV.  v.,  farther  stages  of  the  development  of  a  bud.  Yl.,  a  fuUj 
formed  bud  with  a  second  asoidiozooid  in  course  of  development  fion 
its  peduncle. 

Vn.  A  foetus  with  the  blastoderm  divided  into  five  segments,  of  which 
the  eyathosooid  (I)  is  the  largest.  YIII.  A  foetos.  3ke  ascidiosooidi 
of  which  half  encircle  the  base  of  the  cyathoaooid.  IX.,  foetus,  the 
]nost  advanced  stage  observed.  The  remains  of  the  eoigoined 
cyatho^oid  and  ovisac  are  hidden  by  the  circle  of  ascidiosooids. 

The  letters  have  Hie  same  signification  in  all  the  figures,  a,  test;  a*, 
labial  process ;  a\  lip  of  the  oloacasl  aperture ;  a*,  cells  of  the  em- 
bryonic test;  e,  oral  aperture;  />*,  atrial  aperture;  t,  endoetyie; 
Pf  /*,  branchial  sac  and  stigmata ;  r,  heart ;  r*,  stolons  of  the  sdult 
ascidiarium;  r*,  stolons  of  the  embryonic  ascidiarium;  «,  ovisac; 
ty  testis;  «,  «',  ovum;  w\  peduncle  of  a  bud;  x,  tiie  alimentaiy 
portion  of  the  endoderm  entering  into  a  bud;  x>,  its  generative 
portion ;  «%  the  ectoderm  entering  into  a  bud ;  oe,  the  oeleoblast;  z, 
ganfflion. 

J.  11.  ni.  IV.  V.  segments  of  the  blastoderm ;  I.,  cyathoiooid,  IV.-T. 
ascidiosooids ;  B,  mouth  of  the  cyathozooid. 

In  the  compound  or  social  Tu/nioaict,  many  ascidioEOoidB, 
which  are  united  by  a  common  test  into  an  tucidiarium, 
are  produced  by  gemmation  from  a  solitary  metamor- 
phosed larva. 

Sometimes,  as  in  Clavelina  and  Perophcra,  the  parent 
asoidiozooids  give  rise  to  creeping  stolons,  from  which 
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Fig.  150. 
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branches,  which  derelope  new  aacidiozooids,  are  giTcn  off  at 
intervala ;  but,  more  commonly,  the  aecidiarinm  is  maasiTe, 
and  the  aacidiozooidB  retain  no  penmment  connexioD  with 
one  another.  In  the  BotryUidtB,  the  zooida  are  arranged  in 
whorls  around  a  common  central  cavity,  or  cloae<i,  into 
which  the  atria  of  all  the  members  of  the  whoti  open.  In 
PyrosomcLt  which  is  a  sort  of  floating  BotryUus,  the  pcocess 
of  budding  is  highly  instructive,  as  it  exemplifies  the  manner 
in  which  gemmation  occurs  in  the  Ttinicaia  in  generaL* 

The  ascidiarium  of  Pyro9oma  (Fig.  150, 1.)  has  the  form  of 
a  hollow  cylinder,  rounded  and  closed  at  one  end,  truncated 
and  open  at  the  other,  formed  of  a  firm  transparent  test, 
in  which  the  zooids  are  arranged  in  whoris.  Their  oral 
apertures  open  on  the  exterior  surface,  and  their  atrial 
apertures  into  the  interior  of  the  cylinder.  The  haemal 
aspect  of  each  zooid  is  turned  towards  the  closed  end  of 
the  cylinder.  The  branchial  sac  has  the  ordinary  structure, 
and  each  zooid  is  provided  with  a  testis  and  with  an  ovisac, 
containing  a  single  ovum. 

Every  zooid  multiplies  by  gemmation  from  a  region  of  the 
body  which  lies  immediately  behind  the  extremity  of  the 
endostyle.  Close  to  the  heart,  attached  to  a  short  csBcal 
process  of  the  endoderm  which  constitutes  the  extremity  of 
the  endostyle,  and  which  I  have  termed  the  endatiyUe  eone^  is 
a  cellular  mass — the  remains  of  that  mass  of  indifferent  tissue 
which  I  have  called  the  generaty^e  blastema,  and  from  which 
the  generative  organs  of  the  gemmiparous  zooid  have  been 
developed  (Fig.  150,  II.).  The  endostylic  cone  elongates,  and 
curving  towards  the  hssmal  side  of  the  body,  applies  itself 
closely  to  the  ectoderm  (Fig.  150,  III.).  The  latter  grows 
out  into  a  conical  elevation,  which  projects  into  the  sur- 
rounding substance  of  the  test,  and  contains  a  mass  of 
mesoblastic  ceUs,  one  of  which  («')  has  already  taken  on  the 
character  of  an  ovum«  and  is  surrounded  by  a  mdimental 
ovisac.  The  conical  bud  elongates  and  dilates  at  its  ex- 
tremity, and  the  dilatation  gradually  takes  on  the  form  of 

*  Huxley,  ''  Anatomy  and  Development  of  F^rowmtC*  (*  Traos. 
Unneaa  Society,'  1800.)    Kx>walewaky  (/.c.  infi»»  p.  61«). 
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a  new  zooid  tmited  by  a  narrow  neck,  or  peduncle,  with  the 
parent  (Fig.  150,  lY.).  The  endostylio  cone  gives  rise  to 
the  whole  albnentary  canal  of  the  bnd,  while  the  ectoderm 
of  the  latter  proceeds  from  the  ectoderm,  and  its  ovisac 
and  testis  from  the  mesoblastic  cells,  of  the  parent.  Thns 
the  organs  of  the  bnd  are  all  the  direct  x^rodnct  of  the 
corresponding  parts,  or  of  the  primitive  layers  of  the  germ 
from  which  they  are  derived,  in  the  parent.* 

After  the  terminal  bud  is  formed,  a  second  is  nsnaUy 
developed  immediately  below  it  (Fig.  150,  YL)  by  the  growiji 
of  the  ectoderm,  endodermal  axis,  and  mesoblastic  cells 
of  the  peduncle;  and  it  would  appear  that  this  process  is 
frequently  repeated.  The  fully  formed  bud  becomes  de- 
tached, and  takes  its  place  among  the  other  zooids  in  the 
test,  there  to  repeat  the  process  of  gemmation. 

The  observations  of  Krohn,  Metschnikoff,  and  Kowa- 
lewsky,  have  shown  that  two  components  enter  into  the 
buds  of  ascidians  in  general ;  first,  an  outer  layer  consisting 
of  the  ectoderm  of  the  region  in  which  the  budding  takes 
place,  and  secondly,  an  inner  layer  derived  from  the  endo- 


•  In  my  eeoond  memoir  on 
Pjfnmma  (lirans.  Linn.  Society, 
xziii.  p.  211)  I  have  said : — 

''Gemmation  does  not  take 
place  in  Pyromma  as  in  so  many 
of  the  lower  animals  {e.g.  the 
Hydrozoa  and  PofyzoOj  or  Salpa 
and  CkmeHna,  among  the  asci- 
dians), by  the  outgrowth  of  a 
process  of  the  body-wall  whose 
primarily  wholly  indifferent  pari- 
etes  become  differentiated  into 
the  organs  of  the  bud ;  but,  from 
the  iint,  several  components,  de- 
rived from  ss  many  distinct  parts 
of  the  parental  organism,  are 
distingnisliable  in  it,  and  each 
component  is  the  source  of  certain 
parts  of  the  new  being,  and  of 
them  only.  Thns  the  body-wall 
or  external  tnnio  of  the  parent 
gives  rise  to  the  external  tunic  of 
the  bnd :  while  a  process  of  the 
endostylio  cone  of  the  parent  is 
converted   into  the   alimentary 


tract  of  the  bud,  and  the  repro- 
ductive organs  of  the  latter  are 
furnished  by  a  part  of  that  tissue 
whence  the  reproductive  organs 
of  the  parent  took  their  origin." 
As  will  appear  further  on, 
however,  recent  investigations 
show  Uiat  the  whole  process  of 
budding  in  the  great  minority  of 
the  TunieatOy  and  at  any  rate  the 
first  steps  of  that  process  in  SalpUy 
are  essentially  similar  to  those  in 
Pyroaoma;  and  it  remains  to  be 
seen  whether  there  is  any  differ- 
ence in  other  Ascidians.  And  as 
regards  even  the  Hydrotoa  the 
expression  that  the  parietes  of  it 
bud  are  at  first  'wholly  indiffer- 
ent' in  structure  is  not  quite 
accurate,  inasmuch  as  thev  are 
composed  of  an  ectodermal  and 
an  endodermal  layer,  which  are 
continuous  with  those  of  the 
parent,  and  give  rise  to  homo- 
logous orgatis. 
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denn  of  the  brancliial  sac  (Perophora) ;  or,  as  in  BoirylUu, 
according  to  Metschnikoff,  from  the  atrial  tunic*  Te  these 
most  be  added  a  third  component,  deriyed  from  the  in- 
different tissue,  out  of  which  the  reprodnctiTe  organs  of  the 
parent  have  been  developed. 

In  Amaurouciwn  proliferu/nif  agamic  multiplication  takes 
place  when  the  larva  has  fixed  itself  and  grown  into  a 
solitarj  ascidian.  The  long  post-abdomen  (as  the  prolon- 
gation of  the  abdomen  bejond  the  aiimentaiy  canal  is 
termed)  separates  itself  from  the  body,  carrying  with  it  the 
heart,  and  divides  into  a  number  of  segments  which  rise  to 
the  summit  of  the  test  of  the  parent,  range  themselves 
around  it,  and  become  converted  into  independent  zooids. 
The  parent  developes  a  new  heart  and  post-abdomen.  The 
process  appears  to  be  repeated  in  the  post-abdomina  of  the 
new  zooids.  The  post-abdomen  is  a  process  of  the  ectoderm, 
the  inner  cavity  of  which  is  divided  by  a  septum  into  two 
chambers,  containing  many  fatty  cells.  The  septum  itself 
incloses  a  cavity,  and  there  appears  to  be  no  doubt  that  it  is  a 
prolongation  of  the  pharyngeal  sac.  When  the  segments  of 
the  post-abdomen  develope,  the  cavity  of  the  anterior  end 
of  the  septum  dilates  and  divides,  as  in  Didemnunh,  into 
three  chambers,  of  which  the  median  becomes  the  branchial 
sac,  and  the  lateral  the  atrial  chambers.  The  rest  remains 
as  the  septum  of  the  post-abdomen  of  the  foetus,  and  its 
cavity  at  first  communicates  with  the  branchial  sac,  between 
the  endostyle  and  the  oesophageal  aperture. 

Kowalewsky  f  has  observed  the  formation  of  buds  from 
free  cellular  masses  in  the  common  test  of  Didem,nwm  ghfli- 
ferwn ;  the  origin  of  these  masses  is  undetermined.  They 
multiply  by  division,  after  the  rudiments  of  the  alimentary 
cavity  and  of  the  reproductive  organs  have  made  their 
appearance.  The  alimentary  cavity  gives  off  a  process 
whence  the  oesophagus,  stomach  and  intestine  are  deve- 

*  If,  as  some  observations  tend  of  bodding  In  the  Tunteattu 

to  show,  the  atrial  tunic  itself  f  <'Ueber  die  Knospong  der 

is  a  diverticulum  of  the  primitive  Ascidien."    (*  Archly  fur  Mikr. 

endoderm,  this  case  would  form  Anatomie,'  1874.), 
no  exception  to  the  general  lavr 
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loped,  and  then  becomes  divided  by  longitadinal  partitions 
into  tbree  chambers,  a  median  and  two  lateral.  The  latter 
give  rise  to  the  lateral  chambers  of  the  atrium,  which 
Bubsequentlj  open  into  one  another  on  the  nenral  side 
of  the  body,  and  finally  communicate  with  the  exterior  by 
a  median  atrial  opening. 

Gegenbaur  *  has  described  the  detachment  of  the  ova  of 
a  species  of  Didemnum  into  the  substance  of  the  common 
test,  where  they  are  developed  into  caudate  larvae  provided 
with  an  eye.  Before  the  development  of  the  larva  is  nearly 
complete,  a  zooid  is  formed  from  it,  so  that,  at  one  time, 
the  embryo  appears  to  have  two  branchial  sac& 

Metsdmikofff  and  Krohn^  have  shown  that  the  caudate 
larvsB  of  BotryUtu  are  not  composite,  as  Savigny  and  Sars 
supposed,  but  that  the  bodies  imagined  by  these  observers 
to  be  buds  are  simply  diverticula  of  the  ectoderm,  and 
become  converted  into  the  vascular  processes,  which  ramify 
through  the  common  test,  and  commonly  end  in  dilatations. 
In  the  adult,  the  buds  are  developed,  one,  or  sometimes  two, 
at  a  tin^e,  at  the  sides  of  the  body,  and  consist  of  an  outer 
layer,  derived  from  the  ectoderm,  and  an  inner  layer,  which, 
according  to  Metschnikoff,  proceeds  from  the  atrial  tunic. 
From  the  inner  layer  the  alimentary  canal  of  the-  bud  pco- 
ceeds,  and  between  the  inner  and  the  outer  layers  the  rudi- 
ments of  the  genitalia  appear.  The  ovaria  advance  towards 
their  development  much  more  rapidly  than  the  testes.  The 
zooids  thus  developed,  as  they  enlarge,  rise  to  the  surface, 
taking  the  place  of  those  from  which  they  proceed  and 
which  die  away.  The  ova  are  impregnated  from  without, 
and  undergo  their  development  in  the  atrium  of  the  parent. 
Subsequently  the  testes  attain  their  full  development ;  and, 
at  the  same  time,  the  buds  are  formed  which  wiU  gpive  rise 
to  a  third  generation,  supplanting  the  second. 

*  '<Ueher  Didemnum  gehdino"  |  **Ueber  die  Fortpflansungs* 

«icm."  C.^'<3^>v  f^  Anat,*  1862.)  verhaltnisse  bei  den  Botvylliden." 

t    **  £ntwiekelungBgescbichtli-  ('Archiv    fur    Natorgeschiohte,' 

Che  Beitrige."  (*  Bulletin  de  1' A-  (186 J.)     <*  Ueber    die    fniheste 

cademie  des  Sciences  de  St  Pe-  Bildung   der    Botiyllen88t5cke.' 

tenbourg,'  xiii.  1868.)  (Ibid.) 
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After  the  hurra  (wUcli  may  be  called  A)  has  attached 
itself,  the  first  sets  of  zooids  which  are  developed  are  sezl^s. 
The  first  bud  arises  on  the  right  aide  of  the  bodj  of  the 
larra  (A)  in  the  neighbourhood  of  the  heart;  as  it  increases 
in  size,  the  parent  withers  away,  and  the  zooid  (B)  thus  de- 
yeloped  takes  its  place.  Two  buds,  a  right  and  a  left,  are 
deyeloped  from  (B)  and  become  zooids  (C,C),  B  disappearing. 
The  two  zooids  (G,  0)  are  so  disposed  that  their  atrial  ends, 
are  close  together,  and  their  oral  ends  tamed  away  from  one 
another.  These  each  develope  two  lateral  buds,  which  be- 
come four  zooids  (D,  D,  D,  D).  The  zooids  C,  C  disap- 
pear as  before,  and  their  successors  arrange  themselTee  in 
a  circle.  Each  of  these  developes  two,  or  sometimes  three, 
lateral  buds ;  these  grow  into  zooids,  which  supplant  their 
predecessors  and  are  themselves,  in  turn,  supplanted. 

Eyery  new  system  of  the  later  successions  is,  at  first,  devoid 
of  a  common  cloaca ;  and  the  zooids  which  compose  it  maj 
arrange  themselves  into  one  or  several  circles,  each  of 
which  then  acquires  its  cloaca. 

It  thus  appears  that,  in  BotryUu8,  the  ascidiozooid  which 
results  from  the  metamorphosis  of  the  caudate  larva  serves 
merely  as  a  kind  of  stock,  from  whence  the  other  zooids 
which  build  up  the  ascidiarium  proceed;  and  this  leads  to 
the  still  more  singular  process  of  development  in  Pyrotoma, 
in  which  the  first  formed  embryo  attains  only  an  imper- 
fect development,  and  disappears  after  having  given  rise  to 
four  ascidiozooids. 

In  Pjfrosoma,  the  ovisac  is  attached  by  a  short  oviduct  to 
the  wall  of  the  atrium,  into  which  it  eventually  opens,  and 
thus  allows  of  the  entrance  of  the  sx>ermatozoa. 

Of  the  process  of  yelk  division  I  could  see  nothing  in  my 
specimen,  which  was  preserved  in  spirit,  but  it  has  since 
been  traced  in  fresh  specimens  by  Kowalewsky,*  who 
compares  it  to  that  which  takes  places  in  osseous  fishes. 
The  result  is  the  formation  of  an  elongated  flattened 
blastoderm  which  occupies  one  pole  of  the  egg,  and  is 

*  "  Ueber  die  Entwickelangsgesohlchte  der  Pyrosoma."  (*  Archit 
fiir  Mikr.  Anatomie/ 1875.)^ 
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conrerfced  into  what  I  termed  the  eyathoaooid,  whioh  is 
shown  bj  Eowalewsky  to  be  a  sort  of  mdimentary  ascidian 
(Fig.  150,  Till.).  From  this,  a  prolongation  or  stolon  is 
given  off,  which  becomes  divided  bj  lateral  constrictions 
into  four  portions,  each  of  which  gives  rise  to  a  complete 
ascidiozooid.  As  these  increase  in  size,  thej  coil  themselves 
round  the  cjathozooid,  with  their  oral  openings  outwards 
and  their  doacal  openings  inwards,  and  thus  lay  the 
foundation  of  a  new  (uddiaHvm  (Fig.  150,  YIII.).  The 
cjathozooid  eventnallj  disappears,  and  its  place  is  occupied 
by  the  central  cloacal  cavity  (Fig.  150,  IX.).  Thus,  in 
Pyroaofna,  the  usual  first  stage  of  an  Ascidian — the  caudate 
larva — is  abortive  and  serves  only  to  found  the  colony  by 
the  buds  which  are  developed  from  it. 

In  the  pelagic  genus  Doliolwm  *  the  cycle  of  life  of  the 
species  is  represented  by  distinct  sexual  and  sexless  forms. 
The  egg  produced  by  the  sexual  form  (A)  f  gives  rise  to  a 
caudate  larva  which  passes  into  the  first  sexless  form  (B) ; 
this  gives  off  from  the  neural  side  of  the  body  an  out- 
growth or  stolon,  from  which  buds  are  developed.  These 
buds  are  arranged  in  three  rows,  two  lateral  and  one  median, 
and  grow  into  zooids  of  two  different  forms,  of  which  the 
median  may  be  indicated  by  G  m,  the  lateral  by  C  I.  AU 
these  zooids  are  detached,  and  swim  about  as  independent 
organisms.  What  becomes  of  the  lateral  zooids  (G  I)  is  un- 
known. But  the  median  zooids  give  off  a  stolon  from  the 
haemal  side  of  the  body  on  which  buds  are  developed,  which 
pass  into  the  sexual  form  (A). 

The  sexual  zooid  (A)  (Fig.  151)  is  shaped  like  a  cask  with 
an  opening  at  each  end;  these  are  the  oral  and  cloacal 
apertures.  According  to  Kef  erstein  and  Ehlers  there  is  no 
test,  the  outer  wall  of  the  body  being  formed,  as  in  most 
AppendficiilaruB,  by  the  ectoderm.    Eight  muscular  bands 

*  Huxley,      '* Remarks    upon  Entwickelong    von    DoOohtm" 

AppendicuJfaria    and     DoUolum."  ('Zeitsoh.  flir  Wiss.    Zoologie,* 

0  Phil.  Trana./  1831.)      Krohn.  1853.) 

«'  Ueber  die  Gattung   Doliolum.'^  f  Kefentein  und  Ehlers, « Zoo- 

(*  Archiv    fUr   Natorgeschichte,'  logische  Beitrage/  1861. 
1852.)    Gegenhaur,  ^Vebm  die 
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encircle  the  body,  and  by  tbeir  contractions  expd  the  inter 
from  either  the  oral  or  the  cloaoal  ends.  The  body  is  thne 
propelled  either  baokwards  or  forwards.  The  branchial  sac 
is  much  simplified.  In  DoUohtm  Millrri,  Uie  atrial  csTity 
doe*  not  extend  farther  forwards  than  the  binder  rad  of 
the  wide  phaijnx,  and  this  ia  perforat«d  only  by  two  mm 
of  vtigmata,  four  or  fire  in  each.  In  Doliolwn  denHetilat*» 
(Fig.  151),  on  the  other  hand,  the  atrial  cavity  extendi 
forwttrda  at  the  sides  of  the  pharynx,  both  on  the  h«ina] 
and  the  neural  side,  and  the  stigmata  are  niunerons  and 
Tertically  eltmgated. 
An  opening  in  the  middle  line  of  the  hiemal  face  of  the 

Fig.  ISI. 
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opening;  g,  cetophagui;  i,  ilonucli;    i,  Icilestine ;  p,  p',  Uatii;  r, 


pharynx  leads,  by  a  short  gullet,  into  a  dilated  stomach, 
whence  the  slender  intestine  proceeds  to  temiinat«  in  the 
atrial  cATitj.  The  nerrons  ganglion  is  situated  in  tiie 
third  intermuscular  space  in  D.  dentiaUaimn.  There  ia  t 
ciliated  sac,  but  no  auditory  organ,  in  the  sexual  form.  The 
testia  ia  a  long  tube  (Fig.  151,  p,  p),  which  lies  on  one  side 
of  the  hiemal  face  of  the  body  and  opens  on  a  papilla  in 
the  atrium.  The  ovary,  small,  rounded,  and  ritoated  cloee 
to  the  hinder  end  of  the  testis,  contains  many  ova.  Accord- 
ing to  Eefentein  and  Ehlers,  the  ova  and  spermatosoa 
appear  often  to  become  ripe  at  the  same  time. 
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The  first  sexless  zooid  (B)  resembles  A  in  general  form, 
bat  has  nine  muscle-nngs.  The  long  stolon,  which  trails  in 
the  water,  is  attached  in  the  seventh  intermuscular  space  to 
the  middle  of  the  neural  face  of  the  body.  The  stigmata  are 
arranged  as  in  the  form  A,  of  Doliolum  MiiUeri,  and  one  of 
the  antero-latoral  nerres  terminates  in  an  otolithic  sac. 
It  is  spherical  and  contains  a  single  otolith. 

The  zooids  produced  by  thelatscal  buds  of  the  stolon  (0 1) 
have  wide  oral  apertures,  and  the  body  is  shaped  somewhat 
like  the  bowl  of  a  spoon.  They  possess  neither  auditory 
organs  nor  genital  organs,  nor  have  they  been  observed  to 
develope  buds.  The  median  zooids  (G  m)  closely  resemble 
the  sexual  zooids.  The  stalk  by  which  each  is  attached, 
and  the  insertion  of  which  is  in  the  middle  line  of  the  haemal 
face  in  the  sixth  intermuscular  space,  remains  as  a  pro- 
minence after  the  animal  is  set  free ;  and,  from  the  base  of 
this  prominence,  buds  are  developed,  which  take  on  the 
sexual  form  (A). 

In  the  SalpcB,  the  divergence  from  the  ordinary  Tunicata 
reaches  its  maximum.  The  oral  and  atrial  openings  are 
situated  at  opposite  extremities  of  the  body,  as  in  Pyrosoma 
and  DoUolwm ;  and  the  branchial  stigmata  are  represented 
by  wide  vacuities  at  the  sides  of  the  branchial  sac,  the  walls 
of  which  are  thus  represented  only  by  the  epipharyngeal 
folds  on  the  one  side,  and  a  narrow  trabecula,  which  occupies 
the  region  of  the  hypophaiyngeal  band,  on  the  other  side. 
The  relatively  small  alimentary  and  reproductive  viscera  are 
sometimes  aggregated  into  a  mass,  the  so-called  imcleus,  at 
the  posterior  end  of  the  hsemal  side  of  the  body.  The 
chief  muscular  bands,  by  the  contraction  of  which  the 
water  is  driven  out  of  the  branchial  and  atrial  apertures, 
and  the  propulsion  of  the  animal  is  effected,  are  transverse, 
but  do  not  form  complete  hoops,  as  in  J)oliolum. 

In  all  the  8alp<B,  each  species  is  represented  by  two  sets 
of  zooids,  the  one  sexual  and  the  other  sexless.  The  sexual 
zooids  are  produced  by  budding  from  a  stolon,  which  is 
given  off  from  the  body  of  the  sexless  form  in  the  immediate 
neighbourhood  of  the  heart.    When  the  sexual  zpoids  thus 
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formed  are  detached,  thej  are  at  first  oonnected  into  chains 
of  yarious  formB,  but  these  eventuallj  break  up  and  the 
constituent  zooids  are  set  free.  Fig.  152  shows  the  two 
zooids  of  the  species  ScUpa  demaeratica-mucronata,  tIz.  the 
sexless  zooid,  Salpa  demoeraiica  (Fig.  152, 1.)  and  the  free 
sexual  zooid,  Salpa  fnttcranaia  {Tig,  152,  II.). 

The  recent  inyestigations  of  Dr.  Todaro,*  in  accordance 
with  those  of  Eowalewsky,  show  that  the  stolon  is  formed, 
as  in  Pyrosoma,  bj  the  coigunction  of  a  process  of  th« 
endoderm  which  forms  the  extremity  of  the  endostyle,  with 
an  outgrowth  of  the  ectoderm,  and  with  certain  cells  of  tiie 
mesoblast.  But,  according  to  Todaro,  there  is  this  essential 
difference :  the  young  8aJp<B,  which. make  their  appearance 
in  double  series  along  the  stolon,  are  developed  altogether 
from  the  mesoblastic  cells.  These  cells,  in  fact,  become 
aggregated  into  masses,  of  which  four  are  arranged  in  the 
circumference  of  each  segment  into  which  the  stolon  i$ 
divided ;  and  two  of  these  masses,  one  on  each  side  of  each 
segment,  are  converted  into  young  Salpcs,  by  a  proeesB 
analogous  to  that  by  which  a  morula  becomes  an  embryo. 
If  this  account  of  the  matter  be  correct,  the  agamic  dere^ 
lopment  of  the  ScUptB  would  rather  resemble  that  of  the 
germ  masses  of  the  sporocysts  of  Tremaioda,  or  the 
pseudova  of  insects,  than  ordinaiy  budding. 
.  Each  sexual  zooid  possesses  a  testis  and  a  single  ovum.  The 
latter  is  contained  in  an  ovarian  f  ollide,  the  slender  duct  of 
which  IB  attached  to  the  wall  of  the  atrium  and  opens  inti) 
the  atrial  cavity.  The  testis  attains  its  foil  growth  and 
functional  perfection  only  after  the  ovum  has  undergone 
development.  It  follows,  therefore,  that  impregnation  must 
be  effected  by  the  spermatozoa  of  some  other  zooid.  The 
sexless  form  which  is  developed  from  the  egg,  g^oee  through 
the  early  stages  of  its  development  in  the  atrial  cavily  of  the 
parent,  to  the  walls  of  which  it  is  attached  by  a  peduncle 
(Fig.  152,  in.),  the  centre  of  which  is  occupied  by  a  diver- 
ticulum of  the  vascular  canals  of  the  parent,  enclosed  within 
a  cup-shaped  cavity  in  free  communication  with  the  blood 
*  *  Soprs  lo  Sviloppo  e  rAnatomia  delle  Salpe,*  1875. 


ng-isa. 
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So^  mucmtita.  III.  A  foUl  8<i4>a  dmHcnitiea  atluhed  bf  lis 
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k  lo-ealled  'bnuehis;'  /,  Unguet;  g,  heart;  A,  gemmipKioui 
ftoton;  i,  TfioenJ  inin  or  nucleai-,  <i,  mujculu  baiuta ;  ■,pl«ent>  ; 
■,blo<ra  iliiDB-,  g,  onnc  uid  oTum;  t.  iloniech;  i>,  cUiBtediM; 
m,  nlMblMti  •,  •cloderm  and  t« 
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BmnseB  of  the  f (stus.  It  is,  in  facti  a  trae  plaeenia ;  and, 
dariog  life,  the  independence  of  the  foetal  and  maternal 
circulationB  is  readily  observed,  as  the  Uood  oorpnades  of 
the  two  organisms  course  through  their  respective  chasmeU. 

The  early  stages  of  the  development  of  the  embxyo 
Bdlpa  have  been  investigated  by  nnmerons  observers,  most 
recently  by  Kowalewsky,*  Todaro,  Brooks  f  and  Salenaky.^ 
The  observations  of  the  last-named  anthor  relate  chiefly  to 
8alpa  democraiica-nmeronata,  and  his  account  of  the  process 
appears  to  me  to  be  the  most  satisfactory. 

The  egg  is  impregnated  in  the  ovarian  follicle,  as  in 
Pyro9oma ;  and  the  oviduct,  shortening,  gradually  draws  the 
ovarian  follicle,  with  its  contents,  into  a  sort  of  incabatoiy 
poach,  which  is  a  diverticulum  of  the  wall  of  the  atrium, 
and  projects  into  the  atrial  cavity. 

For  distinction's  sake  the  incubatory  pouch  may  be 
termed  the  onieyai.  As  the  oviduct  shortens,  it  widens  and 
constitutes,  together  with  the  ovarian  follicle,  a  single 
uterine  eac^  the  outer  or  oviducal  half  of  which  applies 
itself  to  the  wall  of  the  ovicyst,  while  the  inner  half  con- 
tains the  ovum.  The  vitellus  undei^goes  complete  division, 
and  the  superficial  Inyer  of  blastomeres  constitates  itself 
into  an  epiblast,  investing  the  solid  mass  formed  by  the  other 
blastomeres,  which  represent  the  hypoblast  A  mesoblastic 
layer  subsequently  appears  between  the  two.  The  nervous 
ganglion  results  from  an  involution  of  the  epiblast,  while 
the  branchial  sac,  the  alimentary  canal  and  the  atrium  are 
the  product  of  the  subdivision  of  a  cavity  which  appears 
in  the  midst  of  the  hypoblast.  The  maternal  and  the 
festal  parts  of  the  placenta  arise,  respectively,  from  the 
wall  of  the  ovarian  sac  and  from  certain  large  blastomoes 
on  the  adjacent  hsomal  face  of  the  embryo. 

Todaro  agrees  with  other  observers  in  stating  that  the 
vitellus  undergoes  division,  and  that  a  small  celled  blasto- 

*  <  Nachricbten   der  Kdnigli-  Comparative  Zoology/  No.  14. 

ebon  Gesellfichafb  su  Gdttiiigen,'  1  'Zeitaobrift  f&r  Wisi.  Zoo- 

1B68.  logie,'1876. 

t  *  Bulletin  of  the  Museum  9f 
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derm  inyests  tlie  large  remaining  ceUs  whidi  he  terms  the 
germinal  nnu8.  But  his  accoimt  of  the  further  stages  of 
development  is  yery  different.  A  circular  thickening  of 
the  blastoderm  separates  the  hemisphere  which  is  directed 
outwards  from  that  which  is  turned  inwards,  and  gives 
rise  to  a  lamellar  outgrowth.  It  is,  at  first,  directed  towards 
the  inner  end  of  the  ovisac,  having  reached  the  bottom  of 
which,  it  becomes  reflected;  and  the  reflected  portions 
lining  the  inner  wall  of  the  ovisac,  and  meeting  over  the 
outer  hemisphere,  form  a  sort  of  amniotic  investment  of 
the  embryo.  It  is  the  cavity  left  between  this  '  anmion '  and 
the  inner  hemisphere  of  the  blastoderm  which  becomes  the 
parental  blood  sinus.  An  involution  of  the  outer  hemi- 
sphere of  the  blastoderm  gives  rise  to  the  alimentary  canals 
which  becomes  shut  ofP,  as  the  endoderm,  from  the  remain* 
ing  blastoderm,  which  constitutes  the  ectoderm.  A  mass 
of  cells  whieh  appears  in  the  middle  of  the  outer  half  of 
the  embryo,  between  the  alimentaiy  sac  and  the  ectoderm, 
and  which  has  only  a  transitory  existence,  is  regarded  by 
Todaro  as  the  representatiye  of  the  urochord. 


624       THE  ANATOMY  OF  INYEBTIB&ATBD  AVIXAL8. 


OHAPTEBXL 

THB  PBRIPATIDEA,  THB  MTZ08T0MATA,  THB  EHTSSO- 
PKEUBTA,  THB  CHifiTOGNATHA,  THB  ITBILATOIDBA,  THX 
PHTSBMABIA,  THB  ACANTHOCBPHALA  AHD  THX  DICTI- 
MIPA. 


I  HATB  resexred  for  discassion  in  this  Chapter  tibe 
paHdea,  wbich  have  heretofore  been  referred  bj  most 
authors  to  the  Annelida;  and  certain  groups  of  the  lower 
Mekuoa,  the  precise  morphological  rehitions  of  which 
are  as  yet  uncertain,  although  it  is  pretfy  dear  that 
several  of  them  are  allied  with  the  lower  AnnehdcL,  the 
JBo^ero,  and  the  TurheUaria,  They  are,  for  the  most  part, 
totally  devoid  of  segmentation ;  while  the  Choeiognaffui  and 
the  MyMoHomaia  alone  present  any  structures  resembling 
limbs,  though  the  nature  of  these  is  doubtf uL  So  far  as 
the  nervous  system  is  clearly  made  out,  it  exhibits  no  such 
chain  of  post-oral  ganglia  as  characterises  the  higher  worms. 

The  Pbbipatidba. — At  p.  257,  I  have  referred  this 
group  to  the  Artkropoda,  Mr.  Moseley's  memoir  on  Peripatfu^ 
having  left  no  doubt  upon  my  mind,  that  he  had  satis- 
factorily proved  the  justice  of  the  surmise  respecting  its 
affinities  originally  made  by  Gkrvais.  It  is  only  recently, 
however,  that  I  have  been  able,  thanks  to  Mr.  Moseley, 
to  examine  one  or  two  specimens  of  PeHpaius  Nome  Ze- 
lanuB,  and  to  satisfy  myself  of  the  main  point,  namely  the 
existence  of  the  tracheal  system  which  he  has  described. 

Of  the  genus  Peripaius  several  species  are  now  known. 


i?  »♦ 


*  <PhlloBophiealTranMctiont,'  Ban  von  Pery>atu»  Edwardtii: 
1874.  See  also  the  valuable  (<  Archiv  fUr  Anatomie,' 1858.) 
memoir  of  Grube,  "  Ueber  den 
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from  the  West  Indies,  South  America,  the  Cape  of  Good 
Hope  and  New  Zealand,  where  thej  are  found  among  the 
decaying  wood  of  damp  and  warm  localities.  They  have 
the  curious  habit  of  throwing  out  a  web  of  yiscid  filaments 
when  handled  or  otherwise  irritated. 

The  head  is  distinct,  and  is  provided  with  a  pair  of  many- 
jointed  antenna-like  tentacula  and  two  simple  eyes.  The 
mouth,  situated  upon  the  under  surface  of  the  h«ul,  is  sur- 
rounded by  a  prominent  lip,  which  encloses  a  i>air  of  jaws, 
each  of  which  is  terminated  by  two  curved  ehitinous  daws, 
similar  to  those  of  the  feet.  On  each  side  of  the  mouth, 
the  head  supports  a  short  obscurely  jointed  '  oral  papilla,* 
which  is  somewhat  like  one  of  the  feet,  but  is  devoid  of  claws 
and  perforated  at  its  extremity.  The  head  is  followed  by  an 
unsegmented  body  produced  laterally  into  paired  appen- 
dages, which  vary  in  number  from  fourteen  to  more  than 
thirty,  according  to  the  species ;  and  each  of  these  appen- 
dages is  indistinctly  articulated,  the  terminal  joint  being 
provided  with  two  small  curved  daws. 

The  anus  is  terminal  and  the  genital  aperture  is  situated 
on  a  papilla,  a  little  distance  in  front  of  the  anus,  on  the 
neural  or  ventral  face  of  the  body. 

The  alimentary  canal  commences  by  an  ovoid  muscular 
pharynx.  The  oasophagas,  continued  from  this,  gradually 
dilates  into  a  wide  and  long  stomach,  from  which  a  very 
short  intestine  is  continued  to  the  anus,  situated  at  the 
posterior  end  of  the  body.  There  are  no  Ifalpighian  ceca. 
Two  very  large  ramified  tubular  glands,  which  secrete  the 
viscid  matter  of  which  the  web  is  composed,  lie  at  the 
sides  of  the  alimentary  canal,  and  open  outwards  by  the 
perforations  of  the  onl  papillsB.  A  vessel  occupies  the 
middle  line  of  the  dorsal  body-wall,  and  is  probably  a  heart. 

The  respiratory  organs  are  the  trache®  discovered  by 
Mr.  Moseley.  The  numerous  pores,  or  digmaia,  from  which 
the  tracheae  take  their  origin,  are  scattered  all  over  the 
surfaoe  of  the  body,  one  row  being  median  and  ventral. 
Each  stigma  is  the  outward  termination  of  a  short  wide 
tube,  which,  at  its  opposite  end,  branches  out  into  a  pencil 
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of  fine  trachew,  which  rarely  divide,  and  are  diatributed  in 
great  abundance  to  the  viscera.  They  are  very  delicate 
tubes,  which  often  take  an  undulating  course,  and  are 
rarely  more  than  y^th  of  an  inch  in  diameter.  In 
optical  section,  their  walls  have  a  finely  beaded  appearance, 
as  if  from  the  presence  of  transverse  thickenings,  ihougli 
distinct  transverse  markings  are  rarely  to  be  seen* 

The  nervous  system,  as  Milne-Edwards  discovered, 
consists  of  two  ganglia  in  the  head,  closely  united  above 
the  oBSophagus.  From  each  of  these  a  relatively  Biout 
longitudinal  cord  proceeds,  overlying  the  bases  of  the  feet 
(and  hence  widely  separated  from  its  fellow)  to  the 
posterior  extremity  of  the  body.  As  Grube  has  stated,  ther« 
are  no  distinct  ganglia  on  this  cord.  On  the  contraij, 
ganglionic  cells  appear  to  be  pretty  evenly  distaibated 
along  its  ventral  face,  throughout  its  length ;  and  nerves. 
which  pass  transversely  outwards  and  inwards,  are  given 
off  from  opposite  sides  of  it  at  short  intervals.  Grabe  has 
shown  that  many  of  the  branches  that  take  the  latter 
direction  are  commissures  between  the  two  cords. 

The  muscles  of  Peripaius  are  not  sti-iated,  which  is  a 
curious  exception  to  its  generally  well-marked  arthropod 
characteristics. 

Mr.  Moseley  has  proved  that  the  sexes  are  distinct.  The 
ovary  is  small,  divided  by  a  median  septum  into  two  lobe& 
and  lies  beneath  the  alimentary  canal.  The  oviduct,  at 
first  single,  divides  into  two  branches,  which  are  long,  and, 
posteriorly,  present  uterine  dilatations.  They  then  unite, 
and  terminate  by  a  short  vagina  on  the  ventral  aspect  of 
the  rectum.  The  testes  are  ovate  bodies,  each  with  a 
csBcal  appendage.  The  long  and  coiled  vasa  deferentia 
unite  into  a  common  duct,  which  opens  in  the  same 
position  as  in  the  female.  The  ova  are  developed  within 
the  uterine  dilatations  of  the  oviducts.* 

*  One  of  the  specimens  which  I  of  the  spirit  in  which  it  had  been 

examined  was  a  pregnant  female,  preserved,  in  such  a  manner,  that 

but  the  viscera  were  glued  to-  little  could  be  made  of  their  strne- 

gether,  apparently  by  the  actioa  ture  or  of  that  of  the  embrToa. 
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Mr.  Moselej  has  made  oat  tlie  chief  points  in  the  develop- 
mental  history  of  Peripattu, 

In  an  early  condition,  the  embryo  is  very  like  that  of 
a  Scorpion,  but  is  folded  npon  itscQf,  so  that  the  ventral 
aspects  of  the  anterior  and  posterior  halves  of  the  body 
are  turned  towards  one  another.  As  in  the  Scorpion, 
there  is  a  pair  of  large  procephalic  lobes,  sncceeded  by  a 
series  of  segments,  from  the  sides  of  which,  processes — ^the 
rudiments  of  the  limbs — ^bud  out.  The  procephalic  lobes 
give  rise  to  a  kind  of  hood,  the  lateral  angles  of  which 
extend  over  the  bases  of  the  first  pair  of  limbs,  and  join 
with  those  of  the  second  pair,  which  are  the  oral  papills 
of  the  adult.  The  first  pair  of  limbs  thus  become  enclosed 
within  the  hood  (the  margins  of  which  form  the  suctorial 
lip  of  the  adult),  and  developing  two  chitinous  daws  upon 
their  extremities,  like  those  of  the  other  limbs,  they  are 
converted  into  the  jaws  of  the  adult  animal.  It  is  remark-* 
able  that  the  antennas  are  developed  from  the  anterior 
part  of  the  procephalic  lobes;  while  the  chelicerse  of 
the  Scorpio^  appear  at  the  posterior  margin  of  these  lobes, 
in  a  position  corresponding  with  that  of  the  first  pair  of 
limbs,  or  jaws,  of  Peripatus, 

It  is  obvious  that  whether  we  consider  the  appendages, 
the  respiratory  and  reproductive  systems,  or  the  develop- 
ment of  the  embryo,  Peripaiu8  is  a  true  Arthropod*  ap- 
parently nearly  allied  to  the  suctorial  Myriapoda, 

The  Mtzobtomata. — The  genus  Mytostomum*  compre- 
hends certain  small  animals,  the  largest  species  not  exceed- 
ing |th  of  an  inch  in  length,  which  are  parasitic  upon 
the  Feather-stars.  The  body  has  the  form  of  a  flattened 
oval  disk,  the  surface  of  which  is  ciliated,  while  its  margins 
may  be  produced  into  as  many  as  twenty  short  filamen- 
tous processes  or  cirri.  Within  the  margin  of  the  ventral 
face  are  eight  suckers,  four  on  each  side,  and,  internal 
to  these  again,  are  ten  short  conical  'feet,'  five  on  each 
side;  each  of   these  lodges  two  strong  set»,  which  can 

*  See  Loven,  <  Arohiv  for  llatargeflohiohte,'  184S. 
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be  protracted  and  retracted  in  the  same  way  aa  thoee  of 
Annelids.  Jnst  within  the  middle  of  the  anterior  margiB 
lies  a  rounded  aperture,  through  which  a  mnHcnIar  pro- 
boeoiB,  the  free  end  of  which  is  beset  with  papillee,  can  be 
protruded.  A  straight  alimentary  canal  runs  through  the 
body,  and  terminates  in  a  sort  of  cloaca,  which  opens  in 
the  middle  line  on  the  posterior  margin.  From  each  aide 
of  the  alimentary  canal  long  ramified  csBca  are  given  c^. 

No  vessels  or  organs  of  circulation  hare  been  diaoovered. 
All  that  is  known  of  the  nervous  STstem  is  an  elongated 
ganglionic  mass,  from  which  branches  are  g^ven  off  on  each 
side,  situated  in  the  middle  line  of  the  ventral  face  of  the  body. 

The  sexes  are  combined  in  the  same  individuaL  The 
acini  of  the  generative  glands  are  scattered  throng^  the 
body.  Those  of  the  testes  pour  their  contents  into  ducts, 
which  unite  together  and  open  by  a  separate  vas  deferens  on 
each  side  of  the  body,  about  the  middle  of  its  ventral  face. 
The  two  oviducts  convey  the  ova  to  the  doacal  chamber. 

The  development  of  Myzostommm  has  been  worked  ont  by 
Semper  and  by  Metschnikoff.*  The  vitellus  undergoes 
complete  division,  and  the  embryo  leaves  the  egg  as  an  oval 
morula,  covered  with  vibratile  cilia.  In  the  next  stage 
observed,  the  embryo  is  cylindroidal,  and  is  provided  with 
a  mouth  at  one  end  and  an  anus  at  the  other.  The  com- 
mencement of  the  straight  and  simple  alimentary  canal  has 
the  form  of  a  muscular  bulb  or  proboscis.  There  aze  two 
pairs  of  rudimentary  api>endages,  each  containing  two 
seteB.  The  number  of  the  setigerous  appendages  in- 
creases up  to  five  pairs,  and  the  intestine  begins  to  show 
indications  of  diverticula;  but,  in  the  latest  stage  obeerved, 
the  cirri  had  not  made  their  appearance,  and  the  body  was 
still  comparatively  narrow. 

Metschnikoff  regards  Mytostomwn  as  a  parasitic  form  of 
a  polychffiftous  Annelid ;  and  there  is  much  to  be  said  in 
favour  of  this  suggestion;  though,  in  some  respects,  it 
rather  approaches  the  Strudinea, 

*  Semper,  **  Zor  Anat  and  Ent-  tchrift  fOr  Wlat.  Zoologies'  1875.) 
wickelungsgeeebichte  der  Gat-  **Zur  EntwickelungBgeacliiehte 
tuDg     Myaoetomum."      («Zeit-      von  Myiostoraum  "  (iML  1866>. 
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-  The  presence  of  cilia  on  the  enrf ace  of  the  bodj  and  of 
protractile  setsB  in  the  parapodia  excludes  Mytotiomwn 
from  the  Arihropoda ;  while  MetschnikofP  has  jtiBtlj  com- 
pared its  larval  state  with  that  of  SyUis.  Sufficient  douht, 
iLOwever,  still  adheres  to  the  determination  of  the  true 
place  of  MyxoeiorMiim,  to  lead  me  to  discuss  it  apart  from 
the  Annelids. 

The  Ehtibopnbusta. — ^The  veiy  singular  animal  BalanO' 
glo88U8f  which  is  the  only  known  example  of  this  group,  is 
an  elongated,  apodal,  soft-hodied  worm,  with  the  mouth  at 
one  end  of  the  hody  and  the  anus  at  the  other  (Fig.  158,  III.) 
The  mouth  is  surrounded  hy  a  sort  of  collar  or  prominent  lip, 
within  the  margin  of  which  springs  a  long  prohoscidif  orm 
median  appendage,  which  is  hollow  within  and  has  a  terminal 
X>ore.  On  the  same  side  as  that  from  which  the  proboscis 
springs,  the  anterior  region  of  the  body  presents  an  elon- 
gated, somewhat  flattened  area,  bounded  by  raised  longi- 
tudinal folds.  On  each  side  of  this  area  is  a  longitudinal 
series  of  apertures — ^the  Irandkial  apertwres.  The  latter 
communicate  with  saccular  dilatations  of  the  anterior  part 
of  the  alimentaiy  canal,  and  these  branchial  aace  are  sup- 
ported by  a  peculiar  skeleton. 

No  narrous  system,  nor  any  organs  of  sense  have  yet 
been  certainly  made  out. 

According  to  Kowalewsky,**"  who  was  the  first  to  elucidate 
the  true  nature  of  BalanogloBaus,  the  vascular  system 
consists  of  a  dorsal  and  a  ventral  vesseL  At  the  posterior 
end  of  the  branchial  region,  the  former  divides  into  a 
superior  and  an  inferior  dorsal,  and  two  lateral,  trunks* 
The  superior  trunk  passes  forwards ;  and,  at  the  anterior 
end  of  the  body,  divides  into  two  descending  branches,  which 
unite  with  the  ventral  trunk.  The  inferior  dorsal  tnmk 
supplies  the  branchisB,  of  which  the  lateral  trunks  are  the 
efferent  vessels. 

For  the  pharyngeal  branchisB  of  Balanoglostm,  the  only 

*  '  Anatomle  des  BalanogoBsus.'  ('  M^m.  de  FAcad.  Imp.  de  St. 
Petenboorg/  1866.) 
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porallela  to  be  found  ftre  among  the  Tunioola  and  the  Vtrtt.  | 
brala.  On  ihe  otiier  hand,  the  lairal  form  of  this  anomalona 
creature  is  generally  Anneli<lan  or  TurbeUariau,  with  Tei7  I 
done  and  special  reeemblanoes  to  the  Echiuop»dia  of  some 
Eehittodermata. 

The  joung  of  Balanaglouue  was  fint  ohaenred  bj  Holl^. 
who  otUled  it  IbrtMTta.  and  regarded  it  (as  did  aU  Bocoeeding 
oheerrers,  until  ita  tme  nature  waa  discoTered)  aa  an  Echino- 
derm-hura,  on  account  of  ita  extraordinaiy  reaemblance  to 
the  lame  of  seme  Star-fishes  (Fig.  153, 1.)- 

It  is  an  elongated  ovoid  body,  provided  with  three  bands 
Fig.  1S3. 


Sig.t5a,-SalaHrgloui,,.    (After  A.  Aguati.) 

I.  Ths  Tbnuna  1mm,  Me  view  (about  A  of  ui  tnoh  long),  a. 
b,  venel>  Imtdlng  to  the  donal  pore  (d)  from  ■,  the  tae  of  the 
Tuoulu  ■Titcm ;  v',  prolongstian  of  the  bu:  A,  beart;  i,  inti 
t,  Momtoh;  o,  oHiphagiu',  m,  mouth;  «,  <■',  lobe*  of  the  alim 
' ;  atb,  nuaeuMr  baiul  nionlng  from  the  eyeipeek  (t) 


wst«r-vueulu  mo. 
IL  A  jonug  BaittmcjfloaMmM — lotterg  ■•  before  except  g,  the  flnt  formed 

bnnchU)  lUginata. 
III.  A  more  tdruiced  Bahmigloaiu  ;  t,  the  collar ;  p,  the  proboscis. 

of  cilia,  one  of  which  is  prto-oral,  while  the  other  two  are 
post-oral.  Of  the  latter,  one,  at  the  ]>oet«rior  end,  is  circolar, 
while  the  other  is  inclined  obliquely  to  the  axis  of  the  body, 
so  that  anteriorly  and  superiorly  it  reaches  the  anterior 
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extremit/,  while  posteriorly  it  occupies  nearly  the  middle  of 
the  body.  On  the  ventral  face,  a  deep  groove  separates  it 
from  the  prsB-oral  ciliated  band,  and  in  this  groove  the 
month  is  situated.  The  margins  of  the  prsB-oral  and  post* 
oral  ciliated  bands  are  deeply  sinnated,  and  they  come  into 
contact  in  the  median  dorsal  line.  A  wide  gullet  leads  from 
the  mouth,  and  opens  into  the  gastro-intestinal  portion  of  the 
aHmentaiy  canal,  which  passes  backwards  in  the  middle  line, 
to  terminate  in  the  anus,  at  the  hinder  end  of  the  body. 
About  the  middle  of  the  dorsal  face  of  the  body  there  is  a 
circular  pore  (Fig.  153, 1  d),  whence  a  canal  leads  to  a  rounded 
sac,  which  lies  on  the  junction  between  the  gullet  and  the 
stomach.  The  sac  gives  off  two  lateral  short  diverticula, 
which  embrace  the  oesophagus.  A  delicate  band,  apparently 
of  a  muscular  nature,  connects  the  summit  of  the  water-sac 
with  that  part  of  the  dorsal  aspect  of  the  body  at  which  the 
prae-oral  and  post-oral  ciliated  bands  unite.  Here  two  eye- 
spots  are  developed.  A  constriction  separates  a  roimded 
gastric,  from  a  tubular  intestinal,  division  of  the  alimentary 
canal.  Diverticula  of  the  gastro-intestinal  part  of  the 
alimentary  canal  give  rise  to  two  pairs  of  discoidal  bodies, 
from  which,  apparently,  the  mesoblast  and  the  perivisceral 
cavity  of  the  BaJanogloaatis  are  developed. 

From  the  sides  of  the  oesophagus,  a  series  of  diverticula 
are  given  off,  which  unite  with  the  ectoderm,  open  extern- 
ally, and  become  the  gill-pouches.  When  only  two  of  these 
branchial  apertures  are  formed,  they  are  said  by  Metschni- 
koff  to  have  a  striking  resemblance  to  those  of  Appenddcti' 
laria.  A  pulsating  vesicle — ^the  so-called  "  heart," — makes 
its  appearance  close  to  the  water-sac.  The  anterior  end  of 
the  body,  in  front  of  the  mouth,  now  elongates,  and  is  con- 
verted into  the  proboscis ;  while  the  post-oral  region  loses 
its  ciliated  bands,  and  lengthening,  becomes  the  long  body 
of  the  adult  worm.*    (Fig.  153,  n.  III.) 

•  See  Anssiz,  <*  The  HiBtory  gen  uber  die  Metamorphose  einl- 

ot  BaianogloBws  9Xkd   Twnaria!f*  ger  Seethiere."    C  Zeitschrift  fiir 

Q  Memoin  of  the  American  Aca-  WiseenBchaftliche  Zoologie,'  zz. 

demy  of  Arts  and  Sciences)'  1873) ;  1870.) 
and  Metschnikoff,  ^  Untenuehun- 
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The  Ohjetoonatha.— The  genuB  SuffUta,*  which  is  tiie 
only  ntember  of  this  group,  compriaeB  several  species  of 
small  animals  which  are  found  swimming  at  the  suifiaoe  of 
the  oeean  in  all  parts  of  the  world.  Although  the  whole 
stmctnre  and  course  of  development  of  ScufiUa  are  now 
very  well  known,  its  true  affinities  are  not  definitively 
settlecL  Anatomically,  it  approaches  the  Nematoid  worms 
and  the  oligochsetoua  Annelids  in  some  respects;  but  its 
development  presents  peculiarities  which  are  as  yet  un- 
known among  these  animals,  while  they  occur  among  the 
Br€kch%opoda  and  the  Echimodennata. 

The  body  of  8ag^tta  (Fig.  154)  rarely  more  than  an  inch 
long^  is  elongated,  sabcylindrical  and  unsegmented ;  it  is  oi- 
larged  at  one  end  into  a  rounded  head,  while  at  the  otJier  it 
tapers  to  a  point.  There  are  no  parapodial  appendages,  but 
the  chitinous  cuticle  is  produced  into  a  finely  striated  lateral 
fin,  on  each  side  of  the  body  and  tail,  and  into  delicate  sete. 
On  each  side  of  the  head  there  are  a  number  of  strong, 
curved,  daw-like  chitinous  processes,  which  can  be  later- 
ally divaricated  and  approximated,  and  serve  as  jawa. 
Between  them  is  the  mouth;  and,  at  the  sides  of  the  mouth, 
are  four  sets  of  short  but  strong  spines.  The  mouth  leads 
into  a  simple  and  straight  intestine,  which  opens  by  an 
anus  situated  on  the  ventral  face  of  the  body,  where  the 
tapering  caudal  region  commences.  A  dorsal  and  a  ventral 
mesenteric  band  connect  the  intestine  with  the  wall  of  the 
body,  and  divide  the  perivisceral  cavity  into  two  chambers. 
Beneath  the  ectoderm  lies  a  layer  of  longitudinal,  striated, 
muscular  fibres.  The  nervous  system  consists  of  a  large 
oval  ganglion,  which  lies  in  the  middle  of  the  ventral  wall 
of  the  body,  and  sends  ofif  anteriorly  two  commissural  cords, 
which  unite  with  a  supra-cesophageal  gangHon.  Among 
other  branches,  this  gives  off  two  to  the  dorsal  aide  of  the 
head;  these  dilate  at  their  extremities  into  spheroidal 
ganglia  on  which  the  eyes  rest.  The  ovaries  are  elongated 
tubular  organs,  which  lie  one  on  each  side  of  the  intestine, 

*  See  Busk,  *  Quarterly  Jovmal  of  MioroeoopioAl  Sclenee/  1856. 
Leuokart  and  ragensteoher,  *  Archiv  fur  Anatonue,'  1858. 


attached  to  the  parietes  ol  the  bod^.    Their  oiliated  dacta 
open  close  to  the  Tent  and  are  prorided  with  dilatations 


which  serre  aa  reoeptaonU  aeminis.    Behind  the  (tnns,  the 
mesenteric  lamini  nnite  and  form  a  vertical  partition. 
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wldch  divides  the  cavity  of  the  caudal  part  of  the  body  into 
two  chamhers.  On  the  lateral  walls  of  these,  cellalai-  masses 
are  developed,  which  become  detached,  and,  floating  freely 
in  the  perivisceral  fluid,  are  developed  into  spermatozoa. 
The  latter  escape  bj  spout-like  lateral  ducts,  the  dilated 
bases  of  which  may  be  regarded  as  vesicukd  seminalea. 

Thus  far,  although  the  organisation  of  SagiUa  is  very 
peculiar,  it  presents  analogies  both  with  the  Nematoidea  and 
with  the  Annelida.  But  its  development,  as  described  bj 
Kowalewskj,*  is,  in  some  respects,  unlike  anything  at 
present  known  in  either  of  these  groups.  Yelk-division 
takes  place,  as  usual,  and  converts  the  egg  into  a  vesicular 
morula,  with  a  large  cleavage  cavity,  or  blastocoele.  One 
face  of  the  vesicle  thus  constituted  now  becomes  invagi- 
nated,  with  the  effect  of  gradually  obliterating  the  blasto- 
ccele,  and  converting  the  spherical  single-walled  sac  into  a 
hemispherical,  double-walled,  cup-shaped  gastrula.  The 
cavity  of  the  cup  is  the  future  digestive  cavity ;  the  layer 
of  invaginated  blastodermic  cells  which  lines  this  cavity 
is  the  hypoblast,  which  will  become  the  endoderm;  and 
the  outer  layer  of  cells  is  the  epiblast,  and  wiU  become 
the  ectoderm.  In  this  condition,  the  embryo  resembles 
that  of  the  Leech  in  its  early  state.  The  embryo  elongates, 
and  the  aperture  of  invagination,  or  blastopore,  eventually 
ceases  to  be  discernible.  Whether  it  becomes  the  anus,  or 
whether  the  anal  aperture  is  formed  anew,  is  not  certain. 
The  nervous  ganglia  result  from  the  modification  of  oeUs 
of  the  ectoderm.  The  anterior  end  of  the  primitive 
alimentary  cavity,  or  arohenteron,  is  at  first  closed.  It  soon 
sends  out  an  enlargement  on  each  side,  so  that  the  arohen- 
teron is  divided  into  a  central  and  two  lateral  divisions. 
The  central  division  opens  externally  and  anteriorly  by 
the  development  of  the  oral  aperture;  and,  as  the  body 
elongates,  it  becomes  the  tubular  intestine.  The  lateral 
diverticula  at  first  communicate  with  it,  but  they  are 
eventually  shut  ofi*,  and   constitute  the   right  and  left 

*  *  Memoirei  de  TAcademie  Imperiale  des  Sdenoea  de  St  Petert- 
bourg,'  1871. 
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perivisceral  cavities,  their  walls  becoming  converted  into 
the  cellular  and  moscolar  lining  of  those  cavities.  It 
results,  from  the  mode  of  development  of  the  perivisceral 
cavity  of  SagUta,  that  this  cavity,  like  the  perivisceral 
cavity  of  the  Brachiopods  and  the  **  peritoneal "  cavity  of 
the  Echinoderms,  is  an  enterocoele,  comparable  to  that  of 
the  Hydrozoa  and  Actinoxoa ;  but  which,  instead  of  remain- 
ing in  communication  with  the  alimentary  cavity,  is  shut 
off  from  it,  its  wall  becoming  the  mesoderm,  and  its  cavity 
the  perivisceral  cavity.* 

Nothing  of  this  kind  is  known  to  occur  in  the  TwrbeUaria, 
Annelida,  Nematoidea,  or  Botifera;  but  when  a  peri- 
visceral cavity  exists  in  these  animals,  it  appears  always  to 
result  from  the  excavation  of  the,  at  first,  solid  mesoblast. 
The  perivisceral  cavity  thus  developed  is  what  I  have 
termed  a  schizoccele.  But  whether  there  is  any  funda- 
mental difference  between  an  enteroecele  and  a  schiaoccde  is 
a  matter  for  further  inquiry.  I  have  referred  above  (p. 
565)  to  the  case  of  an  Ophiurid,  in  which  the  hollow  diyer- 
ticula  of  the  archenteron,  characteristic  of  the  Echinoderms, 
are  represented  by  solid  outgrowths  of  the  hypoblast. 
Prom  this  condition  there  would  appear  to  be  an  easy 
transition  to  that  presented  by  the  embryos  of  those 
OligochcBta  and  Hintdinea,  in  which,  though  the  mesoblast 
is  a  product  of  the  hypoblast,  it  contains  no  continuation 
of  the  alimentary  cavity,  but  eventually  splits  into  a 
visceral  and  a  parietal  layer,  the  interval  between  which  is 
the  perivisceral  cavity ;  and  there  is  much  probability  in 
Kowalewsky's    suggestion   that   the    longitudinal   bands 


*  Kowalewsk^'s  account  of  the 
development  otSagitta  has  been 
confirmed  by  Buuchli  *  who  has 
further  determined  the  origin  of 
the  reproductive  organs,  which 
ariie  as  outgrowths  from  the 
hypoblast;  anud  the  division  of 
each  primitive  enteroecele  into 
two  sacs,  one  for  the  head,  an u 
another  lor  the  body.    It  appears 

1  **  Zar  Entwick«langBgeschichte  der  Sogltta."   (« Zelttchrllt  fDr  Wlss.  Zoologle,' 
1873.) 


probable  that  the  latter  becomes 
subdivided  by  a  transverse  par- 
tition between  the  ovary  and 
testis.  Butschli  suggests  that 
the  segmentation  of  the  meso- 
blast, which  forms  the  walls  of 
the  enteroecele,  is  a  point  of  ap- 
proximation between  Sagitta  and 
the  Annelids. 
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[KwmtAre^eftC)  in  wluch  the  mesoblast  makes  its  appearance, 
may  be  homologous  with  the  diverticnla  of  the  aJimentazy 
cavitj  of  8<igitia. 

In  this  case,  the  schizocoele  will  be  an  adyanoe  npon  the 
enterooGBle,  and  the  development  of  the  perivisceral  cavity 
in  SctgiMa  may  represent  the  primitive  mode  of  develop- 
ment of  all  invertebrate  perivisceral  cavities.  On  the 
other  hand,  it  mnst  be  remembered  that  between  the 
endoderm  and  the  ectoderm  in  the  disk  of  a  Medusa^  or  in 
the  body  of  a  Ctenophoran  or  Tarbellarian,  there  is  a 
gelatinous  mesoderm  which  occupies  the  position  of  the 
primitive  blastocodle.  Now,  this  mesoderm  may  be,  and 
probably  is,  a  product  of  the  endoderm ;  but  any  cavities 
which  appear  in  it,  such,  for  example,  as  the  water- vascular 
canals  of  the  Tarbellcuia,  can  have  nothing  to  do  with  an 
enterocoBle. 

Again,  in  the  Tunieaia,  as  we  have  seen,  the  atrium  is 
a  kind  of  "  perivisceral  cavity,"  which  is  formed  either  by 
an  invagination  of  the  ectoderm,  in  which  case  it  may  be 
termed  an  epieoeU ;  or  else  it  is  a  true  enterocoele.  Aasuming 
the  former  alternative,  for  the  moment,  to  be  that  whidi 
ought  to  be  adopted,  what  is  called  a  "perivisceral  cavity" 
may  be  one  of  four  things : — 

1.  A  cavity  within  the  mesoblast,  more  or  less  repre- 
senting the  primitive  blagtoecele. 

2.  A  diverticulum  of  the  digestive  cavity,  which  has 
become  shut  off  from  that  cavity  {enteroooeUe), 

3.  A  solid  outgrowth,  representing  such  a  diverticulum, 
in  which  the  cavity  appears  only  late  (modified  enieroeoBk 
or  schizocceUe). 

4.  A  cavity  formed  by  invagination  of  the  ectoderm 

And  whether  any  given  perivisceral  cavity  belongs  to  one 
or  other  of  these  types  can  only  be  determined  by  working 
out  its  development. 

The  Nbmatoidba. — The  "Thread-worms"  have  elan- 
gated  rounded  bodies,  which  usually  taper  towards  one  or 
both  ends;  they  are  not  divided  into  segments,  and  they 
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are  devoid  of  limbe,  thot^h  they  may  occaBionallj  be  pro- 
vided with  Betif  orm  spines  or  papillsB.  In  Demnoscolex,  the 
papillsB  and  setse  acquire  an  abnost  Annelidan  aspect,  and  the 
annulation  of  the  body  is  much  more  distinct  than  in  any 
other  Nematoid  Worm. 


Fig.  \^5,—Anguillula  brevifpinut  (after  CIaub).* 

I,  mmle :  II,  female;  HI,  female  genital  organs;  IV,  leminal  eorpnsclei 
in  different  fttagee  of  development. 

a,  oesophagus;  a',  chitinised  oral  capsule;  c,  gastric,  and  d,  rectal 
portion  of  the  alimentary  eanal.  A,  anus ;  ffg\  auterior  and  posterior 
thickenings  with  tiielr  commissures;  6,  sexual  aperture;  F,  fatty- 
looking  gland;  r,  dilatation  of  the  nteruSy  serving  as  a  recepta- 
culum  seminis.  D,  unicellular  cutaneous  glands  at  the  anal  ex- 
tremity; B*,  glandular  mass  with  its  excretory  duct  above  the 
gizzard ;  oo,  ovarium ;  T',  testis;  S,  seminal  corpuscles. 

The  outermost  layer  of  the  body  is  a  dense  chitinoos 
caticnla,  nsnally  divisible  into  several  layers.    These  layers 

*  "Uebereinige  in  Humus  lebende  Anguillulinen."    CZeitschrift 
fur  WisB.  Zooto^e,'  xii.) 
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may  be  fibrillated,  the  direction  of  the  fibrillatioii  bemg  dif- 
ferent in  the  Bacceflsiye  layers.  Cilia  are  found  neither  on 
the  surface,  nor  elsewhere,  at  any  period  of  life.  The  mouth 
is  situated  at  one  extremity  of  the  body,  the  anus  at,  or  near, 
the  other  end.  The  first  portion  of  the  alimentary  canaJ  is 
a  thick-walled  pharynx,  lined  by  a  continuation  of  the 
chitinous  layer  of  the  integument,  which  may  be  raised 
up  into  ridges  or  tooth-like  prominences.  Transrerse  fibres, 
apparently  of  a  muscular  nature,  radiate  from  the  lining 
of  the  pharynx  through  its  thick  wall,  and  probably  serre 
to  dilate  its  cavity,  A  straight  and  simple  tubular  ali- 
mentary canal,  without  any  distinction  into  stomach  and 
intestine,  extends  through  the  axis  of  the  body,  a  narrow 
oesophageal  portion  usually  connecting  it  with  the  phaiynx. 

The  endoderm,  or  wall  of  the  alimentaiy  canal,  consists 
of  a  single  layer  of  cells,  disposed  in  few  or  many  longitu- 
dinal series ;  and  lined,  both  internally  and  externally,  by  a 
caticular  layer.  On  each  side,  the  intestine  is  fixed  through 
its  whole  length  to  the  "  lateral  area,"  to  be  described 
below.  The  cuticle,  which  lines  the  inner  faces  of  the 
endodermal  cells,  and  circumscribes  the  digestive  cavity, 
appears,  on  vertical  section,  to  be  divided  into  rods,  which 
are  possibly  merely  the  intervals  of  minute  vertical  pores. 
In  some  cases,  muscular  fibres  invest  the  posterior  portion 
of  the  intestine. 

Beneath  the  layers  of  the  chitinous  cuticle  there  is  a 
proper  integument,  or  ectoderm,  internal  to  which  again  is 
a  single  layer  of  longitudinally-disposed  muscles,  which  may 
or  may  not  be  divided  into  distinct  series  of  "  muscle-ceUs.** 
The  space  between  these  and  the  outer  face  of  the  intestine 
is  occupied  by  a  spongy  or  fibrous  substance,  which  must 
probably  be  regarded  as  a  kind  of  connective  tissue.  The 
muscles  and  this  tissue,  taken  together,  constitute  the 
mesoderm. 

In  the  typical  Nematoidea,  the  muscular  layer  does  not 
form  a  complete  investment  of  the  body,  but  is  interrupted 
along  four  equidistant  longitudinal  lines.  One  of  them  is 
termed  dorsal,  the  opposite  ventral,  and  both  these  are  very 
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narrow.  The  other  two  are  much  broader,  and  are  termed 
the  lateral  areas.  Thej  often  (Fig.  156)  present  two  or 
more  series  of  conspicaons  naolei,  and  each  U  traversed 
by  a  casal  with  well-defined  contractile  walls  and  clear 
contents.  Opposite  the  junction  of  the  ceeophageal  with 
the  gastric  portion  of  the  alimentarj  canal,  each  of  these 
lateral  canals  passes  inwards  and  towards  the  mid-Tentral 
line,  and,  joining  with  its  fellow,  opens  fay  a  pore  on  the 
exterior.  In  some  cases,  continaations  of  the  lateral  canals 
extend  foTwards  into  Uie  head. 
A  ring  of  fibres  and  neire-cells  snrronnds  the  gullet. 
Fig.  156. 


eeplacle.     A.  One  o 


A  poTtloD  of  one  of  the  oontnatUe  veneli  li  repretented 
>     more  highly  nugnlfled  io  the  upper  figure. 

about  the  lerel  of  the  opening  of  the  water-Toacnlar  system, 
and  gives  off  filaments  forwards  to  the  bead,  and  backwards 
to  the  mnsdee  and  to  the  lateral  area ;  while  two  cords  pass 
back,  along  the  dorsal  and  ventral  median  Unea,  to  the  hinder 
end  of  the  body.  In  the  males  of  some  species,  nerrone 
ganglia  have  been  observed  in  the  neighbonrhood  of  the 
sac  of  the  spionla.*     Organs  of  sense  are  not  certainly 
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known  to  exist,  mileBB  the  pigmented  spots  on  the  j^errons 
ring  of  some  free  Nematoids  have  this  character. 

The  Nemaioidea  are  for  the  most  part  dioecious.  In  th£ 
females,  the  reproductiTe  aperture  is  nsnalljphiced  towards 
the  centre  of  the  body ;  in  the  males,  it  is  always  sitoated 
at  or  near  the  posterior  extremity. 

The  female  apparatus  (Fig.  155,  m.)  consists  of  a  vagina, 
with  which  is  connected  a  single,  or  doable,  elongated, 
tubular,  organ,  which  tapers  to  a  point  at  its  blind  ex- 
tremity, and  is  at  once  ovarium,  oviduct,  and  uteros.  The 
ciBcal  end  is  occupied  by  a  nucleated  protoplasmic  mass. 
Further  on,  this  mass  becomes  differentiated  into  an  axile 
cord  of  protoplasmic  substance — the  rhaehis — and  peri- 
pheral masses,  each  containing  a  nucleus  and  connected  br 
a  stalk  with  the  rhachU,  which  are  the  developing  ova. 
Still  further  on,  in  the  oviducal  portion  of  the  tube,  the 
ova  become  free;  while,  in  the  uterine  portion,  they  are 
impregnated,  and  acquire  a  hard,  often  ornamented,  shelL 

The  testis  is,  generally,  a  single  offical  tube,  in  the  blind 
end  of  which  cells  are  developed,  much  in  the  same  way 
as  in  the  ovary:  they  become  free  in  that  part  of  the 
tube  which  plays  the  part  of  a  vas  deferens.  Contrary  to 
what  happens  in  most  animals,  these  spermatozoa  retain  the 
character  of  cells,  and  may  even  exhibit  amoeboid  movenients. 
The  deferential  end  of  IJie  testicular  tube  oi>en8  into  a  sac 
close  to  the  anus,  from  the  dorsal  wall  of  which  one  or  two 
curved  chitinous  spicula  are  developed.  These  are  intro- 
duced into  the  vulva  of  the  female  when  copulation  takes 
place,  and  appear  to  distend  it,  in  order  to  allow  of  the  free 
passage  of  the  seminal  corpuscles  into  the  vagina,  and  thence 
into  the  uterus.  In  the  female  organs,  the  seminal  cells 
undergo  further  changes,  and  eventually  enter  into,  and 
coalesce  with,  the  substance  of  the  ova. 

Yelk-division  follows  impregnation.    The  oval  morula 

decided;    hnt    there    is    much  below;  and  etpedaHy  BStachU, 

evidence  in  favour  of  what  is  here  ^Beitriige  *SQr    Keantnies    det 

etated.      See     Leuckart,     '  Die  Nervensyitemi  der  Nematoden." 

MenschUehen    Parasiten ;'     the  (*Arohiv  Or  Mikr.  Anatomle; 

monograph  of  Schneider,  cited  187S.) 
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becomes  indented  on  one  side,  and  the  embryo,  as  it  grows, 
folds  itself  in  accordance  with  this  indentation.  In  most, 
it  wonld  appear  that  the  central  cells  of  the  solid  momla 
are  differentiated  from  the  rest  to  form  the  endoderm, 
which  thus  arises  by  delamination.  But  Butschli*  has 
recently  shown  that  the  morula,  which  results  from  the 
division  of  the  vitellus  of  GucuUawiu  degana,  has  the 
form  of  a  flattened  plate,  composed  of  two  layers  of 
blastomeres,  the  blastocoale  being  reduced  to  a  mere  fissure. 
The  lamellar  blastoderm  next  becomes  concave  on  one 
side,  convex  on  the  other,  and  passes  into  the  g^»trula 
form.  The  blastopore,  at  first  very  wide,  gradually  narrows 
and  appears  to  be  converted  into  the  oral  opening  of  the 
worm.  The  mesoblast  takes  ita  origin  from  certain  cells 
of  the  hypoblast,  which  lie  dose  to  the  mouth,  and  grow 
thence  towards  the  caudal  extremity.  The  resemblance  of 
this  developmental  process  to  that  of  Lwmhricui  is  obvious. 

The  female  reproductive  apparatus  is,  at  first,  represented 
by  a  solid  cellular  body  which  lies  in  the  mesoderm ;  though 
whether  it  originally  belong^  to  this,  or  to  the  ectoderm,  or 
to  the  endoderm,  is  not  dear.  The  cellular  body  acquirea  a 
tubular  form,  and  eventually  opens  externally  by  uniting 
with  an  inward  process  of  the  ectoderm,  which  gives  rise 
to  the  vagina. 

The  young  cast  their  outide  twice — ^first,  when  they  leave 
the  egg,  and,  again,  when  they  acquire  their  sexual  organs. 

The  NemaJUndea  have  been  divided  into  three  prindpal 
groups t — Folym/yaria,  Meromyaria,  and  Holonvyaria — cha- 
racterised by  the  nature  of  their  muscular  system. 


*  ''ZarEntwiokelangagesohioh- 
te  des  Cneullmtueleaatu/'  (*  Zeit- 
schrift  f&r  Zoologie,'^1876.)  Hallez 
('  Kevae  des  Sciences  NutarelleB,' 
1877)  has  observed  a  sunilar  pro- 
cess ia  AnguUhUa  aceti,  bat  he 
denies  that  the  blastopore  becomes 
the  mouth. 

f  Schneider,  *  Monographic  der 
Vematoden,'  1866.  See  also 
Bastian,     'Monograph    of    the 


Ansnillalidse '  (Trans.  Linnean 
Society,  1865)  ^  and  *  On  the  Ana- 
tomy and  Physiology  of  the  Nema- 
toids'  (Phil.  Trans.  1866);  and 
several  memoirs  by  Bntschli. 
The  latter  affirms  that  the  muscles 
aro  as  much  made  up  of  muscle 
cells  in  the  *  Bohnwaria^^  as  in  the 
rest.  (»*GiebtesHolomyarier?" 
'Zeitscbrift  f&r  l^isa.  Zoologie»' 
1878.) 

2  T 
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In  the  Polymyaria,  the  miiBclee  of  the  parietes  of  the  bodj 
are  divided  into  many  seriee,  each  made  up  <^  many  **  inxmc^ 
cells."  In  the  Meronvyaria  there  are  only  eight  longitadini 
series  of  such  muscle  cells,  two  between  each  lateral  area  an-: 
the  dorsal  and  ventral  Unes  respectively.  In  the  HoUnrnforii 
the  mnscles  are  not  divided  into  series  of  mnscle  oeUs. 

The  first  two  divisions  contain  only  sach  genera  as  answer 
to  the  general  description  just  given ;  bnt,  in  the  Holamyaria, 
there  are  included  several  aberrant  forms.  Thus,  SVidbo^ 
eephahu  has  no  lateral  areas;  Ickthycnema  haa  no  anis: 
Mermia  has  no  anus  and  the  alimentary  canal  is  radimentazy: 
though  it  possesses  the  lateral  areas,  and  the  nudes  hsT^ 
spicula.  Ocrdiua  has  no  lateral  areas,  and  only  the  Tentni 
line ;  the  alimentary  canal  is  reduced  to  a  radiinent»  witih 
out  either  oral  or  anal  aperture,  and  the  male  has  no  spicok. 
In  both  these  genera*  the  anterior  esxkdB  of  the  embryos  azc 
provided  with  spines,  which  aid  them  to  bore  their  way  into 
the  bodies  of  the  insects  on  which  they  are  paraeitie.  Is  | 
SphcBTularia  the  aHmentary  canal  is  similarly  mdimentaiy, 
and  Sir  John  Lubbock  discovered  that  the  small  mak 
becomes  permanently  adherent  to  the  female. 

Some  Nemcsioidea  {e,g,  Leptodera,  Pdodem)  live  in  water 
or  damp  earth,  and  are  never  actually  parasitic ;  bat  tiiej 
require  abundant  nitrogenous  food  in  order  to  develope 
their  sexual  organs,  and  hence  they  are  found  in  the  amul 
state  only  among  putrefTing  vegetable  or  animal  matters. 
The  sexless  woims,  which  live  in  moist  earth,  are  at  imct 
ftttnusted  by  nutriment*  such  as  a  few  drops  of  milk  * 
Here  they  multiply  with  great  rapidity  as  long  as  the  store 
of  food  lasts ;  but,  when  it  is  exhausted,  the  last  hatched 
young-  wander  away.  In  the  course  of  their  wanderings, 
the  embryos  enter  into  the  larval  oonditioii;  bat,  bef<R« 
doing  so,  they  become  twice  as  large  as  those  which  attain 
the  larval  state  in  putrefying  substances.  The  embryonic 
cuticle  becomes  thickened,  and  its  oral  and  anal  aperturei 
closed,  so  that  it  forms  a  cyst  for  the  larva.  The  larva, 
however,  is  not  restrained  by  this  cyst  from  moving  about 

*  Sohneider,  /.  e.  pp.  362-3. 
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and  oontmning  its  wanderings,  thongh,  at  length,  it  passes 
into  a  quiescent  condition.  Its  inner  substance,  at  the 
same  time,  becomes  dark  by  transmitted  light,  in  consequence 
of  the  accumulation  of  small  fatty  granules ;  and,  if  this 
state  of  things  lasts  long,  the  larva  dies.  If  the  larvsB 
should  dry  up,  the  circumstance  tends  to  their  preservation. 
The  embryonic  cuticle  is  separated,  and  forms  a  protectiye 
cyst;  and,  when  moistened,  the  larv»  resume  their  vital 
activity. 

Nematoid  wonns  belonging  to  naturally  free  and  non- 
parasitic genera  may  enter,  and  become  encysted  in,  worms 
and  slugs;  but  they  only  attain  their  sexual  state  when 
their  host  dies,  and  they  are  nourished  by  the  products 
of  its  putrefaction. 

AnguUlula  acandens,  the  Nematoid  which  infests  and 
gives  rise  to  a  diseased  condition  of  the  ears  of  wheat,  is 
a  true  parasite.  The  young  are  hatched  from  the  eggs 
laid  by  the  parent  in  the  infected  ear,  and  there  become 
efncysted.  When  the  wheat  dies  down,  the  larvse  are  set 
free,  and  wander  on  the  moist  earth,  until  they  meet  with 
young  wheat  plants,  up  which  they  creep,  and  lodge  them- 
selves in  the  developing  ears.  Here  they  acquire  the 
sexual  condition,  nourishing  themselves  at  the  expense  of 
the  inflorescence,  which  becomes  modified  into  a  kind  of  gall. 

Most  Nematoids  found  in  the  alimentary  canal  of  animals 
are  parasitic  in  the  sexual  state,  but  have  a  longer  or 
shorter  period  of  freedom  as  harm  or  as  eggs.  But  some, 
as  CucuManvs  degana,  are  parasitic  both  in  the  sexless  and 
the  sexual  condition;  inhabiting  Cyclops,  while  in  the 
former  state,  and  sundry  fresh-water  fishes,  particularly 
the  Perch,  in  the  latter. 

Triekvna  spiralU*  aoquiree  its  sexual  state  in  the  ali- 
mentary canal  of  Man,  of  the  Pig,  and  other  wtitTntwAlii  • 
but  the  young,  set  free  in  the  alimentary  canal,  bore  their 
way  through  its  walls,  and  enter  the  fibres  of  the  voluntary 
muscles,  in  which  they  become  encysted  in  the  sexless 
state.  If  the  flesh  thus  trichinised  be  eaten,  the  TriMMt 
*  leookErt,  *XJntenaelnmgeii  ftber  TriMM  ipirtdU^'  18M. 

2  T  2 
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are  Bet  free,  acquire  their  sexual  state  in  the  alimentair 
canal,  and  the  thonsands  of  embijos  which  are  developed 
immediatelj  bore  their  waj  into  the  extra-alimentaTy  tuBoa 
of  their  host. 

The  insect  panusites,  Oordivs  and  MemUs,  are  aexless  sc 
long  as  they  are  parasitic ;  but,  when  th^  have  attaiiie<: 
their  f uU  growth,  thej  leave  the  body  of  their  host^  acquire 
sexual  organs,  copulate,  and  lay  eggs.  From  these,  embiyog 
proceed,  which  bore  their  way  into  the  bodies  of  inaects. 

It  has  been  stated  that  the  Nematoidea  are,  for  the  most 
part,  diodcious.  Schneider  has,  however,  discovered  certain 
species  of  the  non-panudtic  genera,  Leptodera  and  Peioden. 
which  always  have  the  external  appearance  of  females^  bet 
in  the  ovarian  tubes  of  which  spermatozoa  are  developed, 
and  impregnation  takes  place.  This  was  placed  beyond 
donbt  by  isolating  embryos  of  these  Nematoids,  and  tracing 
out  the  development  of  the  spermatozoa,  which  result  bxm 
the  subdivision  of  the  first  cells  developed  from  the  rhacbis. 
After  a  time,  the  development  of  spermatozoa  ceaaea,  and 
the  cella  separated  from  the  rhachis  become  ova,  whicb 
are  impregnated  by  the  already  formed  spermatozoa 
These  NemaUndea  are  probably  the  most  complete  and 
necessary  hermaphrodites  known  in  the  animal  kingdom. 

Aacaria  nigrovenoaa  is  parasitic  in  the  Ixmgs  of  Froga  and 
Toads,  and  attains  a  length  of  three-quarters  of  an  inck 
It  has  the  characters  of  a  female,  and  no  male  has  ev^ 
been  met  with,  but  spermatozoa  are  developed  in  the  ovaries 
in  the  same  manner  as  in  the  preceding  forms. 

The  eggs  of  this  Aacaria  are  discharged,  and  the  embryos 
find  their  way  into  the  intestines  of  the  Amphibian  in  whicb 
they  are  parasitic.  Here  they  become  males  and  females 
which  are  very  much  smaller  than  the  hermaphrodite  form, 
(not  exceeding  one-twentieth  of  an  inch  in  length)  and  other> 
wise  different  from  it.  They  are  evacuated  with  the  fsBoea  of 
the  frog,  and  passing  into  damp  earth  or  mud,  the  females 
giverise  to  afeweggs.  Embryos  are  developed  from  these 
eggs  within  the  body  of  the  mother,  the  organs  of  which 
they  destroy,  until  her  cuticle  forms  a  mere  case  for  them. 
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The  free  embryoe,  introduoed  into  the  frog's  mouth,  pass  . 
into  the  lungs,  and  take  on  the  characters  of  the  hurge 
hermaphrodite  forms.  It  is  not  unlikelj  that  the  Guinea 
-worm  (Filaria  medineiMia),  which  infests  the  integument  of 
Man  in  hot  climates,  may  answer  to  the  hermaphrodite 
stage  of  a  similarly  dimorphous  Nematoid,  though  its  mul- 
tiplication has  hitherto  been  supposed  to  take  place 
agamogeneticallj. 

The  many  points  of  resemblance  between  the  Nematoidea, 
the  OUgochcBta,  and  the  Polyehaia  have  been  indicated  by 
Schneider.  They  differ,  however,  from  these,  no  less  than 
from  the  TwrheUaria  and  BotiferOy  in  possessing  only 
longitudinal  i>arietal  muscles.  In  this  respect  they  agree 
^th  BhamphogorcUua  and  Polygordius  (united  by  Schneider 
into  the  group  of  Qymnoioma)*  which  are  segmented  worms* 
devoid  of  setes,  but  possessing  mesenteries,  segmental 
organs,  and  pseud-hsemal  vessels.  Polygordius  has  a  telo- 
trochous  larva,  and  in  its  development,  as  in  other  respects, 
it  is  extraordinarily  like  a  polychsetous  Annelid. 

Butschli,t  on  the  other  hand,  dwells  upon  the  connexion 
between  the  NenuUoidea  and  the  Gasterotricha  (see  Chap.  lY . 
p.  192)  and  Atrieha  (Eohinoderes)  which  he  includes  in  the 
g^up  of  Nemaiorhyneha,  on  the  one  side,  and  the  lower 
Arthropods,  such  as  the  Tardigrcida,  on  the  other. 

The  Phtsbmabia. — Since  the  completion  of  the  third 
chapter  of  this  work,  Haeckel  X  l^&s  published  an  account 
of  certain  low  Metottoa,  constituting  the  two  genera,  EaU- 
jphygema  and  Oatirophysema,  which  had  previously  been 
confounded,  partly,  with  the  Sponges  and,  partly,  with  the 
Protozoa. 

These  are  minute  marine  bodies,  having  the  form  of  cups 
with  longer  or  shorter  stalks,  by  which  they  are  attached. 
The  cavity  of  the  cup  into  which  the  wide  or  narrow  oral 

*  See  ncpra,  p.  186,  note.  Ludwig,    ^'Ueber  die    Oidnong 

t  *'  Untenacnangeii  Hber  frel-  Gastrotricha  "  (ibid.), 

lebeode     Nematoden    and    die  t 'Biologiiche  Studien,*Heffc2, 

Gattung  OuBtonoht^*  (*  Zeitschrift  1877. 

f.  WiM.  Zoologie,'  1876).  See  also  , 
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opening  leads,  is  either  simple  (Haliphysmna)  or  divided  bj 
ciTonlar  oonatrictdonB  into  two  or  more  eommnnicalm 
chambers  (Qatitrophysema),  The  wall  is  composed  of  tvc* 
lajera,  an  ectoderm  and  an  endoderm — the  latter  beisf 
formed  bj  a  single  layer  of  flagellate  ceUa,  like  those  d 
sponges ;  and  a  series  of  iBxg&r  flagellate  oeUs  are  disposed 
in  a  spiral,  on  the  inner  face  of  the  endoderm  near  the 
mouth.  The  ectoderm  is  a  B7ncjtinm,whi<^attabhe8fo(reigfi 
bodies,  such  as  sponge  spioula  or  skeletons  of  ForamUnifera. 
to  itself,  and  thus  becomes  provided  with  an  adrentitftoei 
fikeletc»,  the  nafcore  of  which  Taries  in  different  species,  bia 
is  constant  for  each.  Beprodnction  is  effected  by  ova,  whidi 
are  said  to  be  modified  cells  of  the  endoderm.  in  Chukn- 
pkyaatM,  the  endoderm  of  the  innermost  chamber  akne 
giyes  rise  to  ova.  The  place  of  derelopment  of  the  sper- 
matOEoa  has  not  been  jhade  out. 

Yelk  division  is  complete  and  regular,  and  gires  rise  to 
a  vesicular  morula  {arckibUuMa  of  Haeckel)  each  cell  of 
which  is  provided  with  a  flagellate  cilium.  A  gastmla 
arises  by  invagination,  but  the  final  stages  of  devek^ument 
have  not  been  made  out. 

As  Haeckel  points  out,  the  Physemaria  are  obviooBlj 
related,  on  the  one  hand  to  the  Porifera,  and  on  the  other 
to  the  CodewteraJta ;  in  fact,  they  very  nearly  represent  the 
morphological  common  plan  of  which  these  two  groups  are 
modifications. 

The  AoAiFTHOOBPHAiiA. — In  their  sexual  state,  the  pan- 
sites  which  cozistitute  the  genus  EchinorhynehMS  inhabit 
the  various  classes  of  the  Vertebraia,  while  they  are  found 
in  the  Ifwertebrata  only  in  a  sexless  condition. 

The  EchiiMrhynchus  of  the  Flounder  (Fig.  157),  the  stmc- 
ture  of  which  may  serve  as  an  illustration  of  that  of  the 
group,  inhabits  the  rectum  of  that  fish,  which  it  pierces  in 
such  a  manneir  that  the  anterior  extremity  or  head  pro- 
jects, enclosed  within  a  cyst,  upon  the  peritoneal  surface, 
while  the  body  hangs  freely  into  the  cavity  of  the  intestine. 
Where  the  worm  traverses  the  wall  of  the  rectum  it  pre- 
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8eiiteftmiicliooiistiict«d]ieok(F^.  157,A  Itwonldapp«ar 
tiiAt,  erentaall^,  the  EMnm-hynehi  completelj  pass  ojA  ot 
the  inteetine,  aa  thej  are  foimd  enoloeed  in  detached  OTsts 
ijiag  in  the  pmtoneftt  cavitj.  The  anterior  extremitj  ot 
the  Eehinork^nehiiu  is  produced  into  a  short  cjlindrical 
proboacis,  corered  with  many  rows  of  recnrved  hooks,  and, 
behind  thio,  it  forms  a  dilabttion,  in  which  the  integument 
and  the  mnaciilai-  ooat  are  ec^mrated  bj  a  consideTable  in- 

Hg.  1S7. 


Fig.  Ibl.—EchiaorhyMkui.  A.  Disgnm  exMbiting  the  relatlTe  podtjon 
of  the  organs,  a.  PntboMdi.  b.  Ita  etem.  e.  AiiterioT  enlsTgemenC 
of  the  ioij.  /.  Neck  or  coniCriotion  between  the  ulterior  ea- 
lugemeat  and  the  rest  of  the  body,  d.  e.  Posterior  "  ftinnel."  p. 
MeniMM.  h.  Soperior  oblique  tabular  band*,  ji.  Inferior  mnMle* 
of  the  proboaoii.  I,  ■>.  Genitalia,  o.  Penis,  or  vulva.  B.  Lover 
extremity  of  the  item  of  the  proboeoia.  a.  Ganglion,  b.  Taacolu 
epaee.  i  Outer  coat,  e.  Inner  wall,  e.  Tubular  band,  with  the 
nerre.  A,/.  Hoionlar  banda.  jr.  Satpeuorlani  of  the  gsnltalla. 
C.  Part  of  the  female  genitalia,  a.  Ovair.  U.  Dnota  leading 
from  ovary  to  utenu,  epenniduoti  (?).  c.  Open  month  of  oviduct, 
d;  (.  Dtems  and  vagina. 

t«rval.      The  body,  behind  the  constricted    neck,  which 
separatefl  it  from  this  ulterior  dilatation,  baa  a  thic][. 
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yellowish,  outer  wall,  between  which  and  the  inner  muacokr 
tonic  lies  a  system  of  vessels,  consisting  of  two  longitudinal 
trunks,  connected  by  a  network  of  anastomosing  canala. 

These  canaLs  do  not  appear  to  possess  distinct  walls,  nor 
are  any  cilia  visible  in  them ;  but  the  minute  molecula 
which  float  in  the  clear  fluid  which  they  contain,  are  driven 
to  and  fro,  apparently  by  the  contraction  of  the   body. 
Inf  erioily,  the  vessels  all  terminate  in  blind  canals,  dispoeed 
around  i^e  margin  of  the  posterior  funnel.    Internal  to 
the  vessels  lies  a  double  layer  of  anastomosing  muscular 
fibrils,  the  external  of  which  are  circular,  while  the  in- 
ternal are  longitudinal.*    The  cavity  of  the  body  is  filled 
with  a  fluid,  in  which  the  ova,  or  spermatozoa,  float,  andL 
at  its  anterior  extremity,  two  elongated  oval  bodies  depend 
from  the  parietes,  and  hang  freely  in  it.    These  are  the 
lemniaGi;  they  are  traversed  by  vessels  continuous  with 
those   of    the   parietes.      The  axis  of   the    proboscis   is 
continued  downwards    into   an   elongated   subcylindrical 
stem,  rounded  below,  which  hangs  down  like  a  handle  into 
the  cavity  of  the  body.    The  extremity  of  the  stem  is  con- 
nected by  broad  retractor  muscles  with  the  parietes,  and 
gives  attachment  to  the  suspensory  ligament  of  the  repro- 
ductive apparatus  (Fig.  157,  B).    Two   other  bands  are 
attached  a  little  above  these,  and  run  obliquely  forwards 
to  the  parietes ;  they  are  not  mere  muscles,  as  they  are  ordi- 
narily described,  but  contain  a  wide  vessel,  continuous  with 
a  large  sinus,  which  separates  the  axile  portion  of  the  stem 
of  the  proboscis  from  its  investing  coat.    In  the  axis  of  the 
stem  of  the  proboscis  is  the  oval  ganglion,  which  sends  off 
some  small  branches  upwards,  and  two  larger  lateral  trunks, 
which  can  be  followed  into  the  vessels  of  the  oblique  bands; 
and,  in  other  species,  have  been  traced  to  the  walls  of  the 
body  and  to  the  genital  openings.    Two  ganglia  have  been 
found  by  Schneider  in  this  region,  in  the  males. 

There  is  no  mouth  or  alimentary  canal  in  Echinorhynt^ut, 

*  See  for  an  account   of  the      BauderAcanthocephalen.*'  (<Ar- 
remarkable   structure   of   these       chiv  ftir  Anatomie/  1868.) 
mosoles,  Schneider,  **  Ueber  den 
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the  animal  being  probablj  nourished  by  imbibition  through 
the  wallfl  of  the  body.  The  reprodnctiye  organs  are,  both 
in  the  male  and  in  the  female,  attached  bj  a  suspensoiy 
ligament  to  the  extremity  of  the  probosois,  and  extend 
thence,  through  the  axis  of  the  body,  to  the  posterior  ex- 
tremity. Here  they  open  in  a  papilla  at  the  bottom  of  a 
funnel-shaped  terminal  dilatation  of  the  body,  which  exists 
both  in  the  male  and  in  the  female,  though  it  is  much  more 
marked  and  separated  by  a  constricted  neck  from  the  body, 
in  the  former.  On  each  side  of  the  papilla. is  an  organ 
which  has  much  the  appearance  of  a  sucker,  but  which  is 
apparently  non-contractile,  while  the  funnel  itself  undergoes 
constant  and  rhythmical  contractions. 

In  the  male,  the  testes  are  two  oval  sacs,  one  behind  the 
other,  connected  by  vasa  def erentia,  often  provided  with 
peculiar  accessory  glands,  with  the  genital  outlet,  which 
is  provided  with  a  long  penis.  In  l^e  female,  the  ovaiy  is 
a  single,  long,  thin-walled,  cylindrical  tube,  the  anterior  end 
of  which  is  usually  empty  for  a  short  distance.  Further 
back,  clear,  pale,  rounded  masses  appear,  containing  cavities 
in  which  corpuscles,  like  the  germinal  spots  of  ova,  lie. 
More  posteriorly  still,  these  masses  become  elliptical,  and 
are  surrounded  by  a  membranous  coat,  which  gradually 
thickens,  and  gives  nse  at  each  end  to  a  spiral  filament 
which  surrounds  the  enclosed  egg.  The  ova  thus  constituted 
then  pass  into  the  cavity  of  the  body,  where  they  accumulate 
in  great  numbers ;  but^  in  this  species,  I  have  not  found  the 
free  floating  ovarian  masses  described  in  other  Eehino' 
rhynehi.  From  the  lower  end  of  the  ovarium  two  short  ovi- 
ducts, or  rather  spermiducts,  arise,  and  almost  immediately 
unite  into  a  sort  of  uterus,  which  is  continued  into  the 
vagina  (Fig.  157,  0).  The  uterus  passes  above  into  a  short, 
open,  funnel-shaped  canal,  which  lies  between  the  two 
oviducts  (Fig.  157,  G  c),  and,  according  to  Yon  Siebold,  takes 
in  the  oVa  from  the  perivisceral  cavity  by  a  peculiar 
swallowing  action. 

The  embryos  of  the  different  species  of  Echinorhynchi 
vary  somewhat  in  strncture.    Yon  Siebold  has  described 
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thoee  of  E.  gigas^  which  aane  provided  with  hooks 
posed  like  those  of  the  CeaMdecb,  bnt  only  four  in  number. 
Sexless  Eckmorhyncki  hftve  been  found  in  Oydopg  and  in 
the  muscles  of  fishes.  Leackart  states  that  they  wuoqaht 
sexual  organs  in  the  alimentary  canal  of  Qadua  laia.  13ie 
same  exceUent  observer  has  succeeded  in  tracing  the  de^ 
velopment  of  EehmorhynehM$  proieus,  a  ccMnmon  parasite 
of  many  river  fishes,  especially  the  Perch.*  What  appeared 
to  be  the  sexless  condition  of  the  same  EokmorH^^n^mM  had 
previously  been  seen  by  Leuckart  in  OwnMnarua  pnlem.  Into 
water  containing  specimens  of  this  GrustaoeaiL.  ova  frcn 
M  prateu$  were  transferred.  After  a  few  days,  thieee  on 
could  easily  be  detected  in  the  digestive  tube  oi  the  Gam' 
manuy  whilst  numerous  embryos,  escaped  from,  the  egg- 
shell, were  found  within  the  appendages  of  the  CruBtaeean. 

Each  ovum  has  two  coats ;  an  outer,  albuminoxus,  and  aa 
inner,  chitanoua.  The  first  is  digested  in  ita  progiee 
through  the  alimentaiy  canal;  the  second  is  afterwards 
ruptured  by  the  embryo,  which  bores  through  the  intestizial 
walls  into  the  cavity  of  the  body,  and  is  thence  conveyed  to 
the  site  prox>er  for  its  development. 

The  body  of  the  embryo  is  somewhat  fusiform  in  shape, 
and  oonsiBts  of  a  colouiiess,  transparent  parenchyma,  pro- 
tected by  a  cuticle.  The  parenchjrma  may  be  resolved  into 
an  outer,  homogeneous,  contractile  layer,  and  a  aenurfinid 
medullary  aubstance.  Within  this  is  lodged  an  ovoid,  central 
mass,  made  up  of  large  highly-refracting  granules.  Isolated 
granules  of  the  same  kind  may  also  be  found  Bcattered 
throughout  the  soft  medullary  substance.  At  its  posterior 
end,  the  embryo  tapers  to  a  point,  while  its  opposite  exta'emitj 
is  obliquely  truncated  towards  the  ventral  aspectb  On  tiiis 
oblique  surface  may  be  observed  two  series  of  straight 
spines,  five  (rarely  six)  in  each.    The  two  series  meet  near 

*  Tleber   Echinorhynchus  *'  et    larvali      EehinorfaynchoraB 

('  Gdttingen  Naohriobten,'  186^.  eorumque  metamorphoei,*'  1973 ; 

Kesults  of  further  investigations  and,  further,  in  the  concluding 

and  a  histozy  of  the  subject  are  part  of*  Die  Menschliehen  Parui- 

contained  in    Leuckart's    *  Pro-  ten,'  1876,  which  has  reached  me 

gramm,'  '*  De  statu  et  embryonali  too  late  for  um  in  this  place. 
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the  middle  line  to  f  onn  an  arch,  the  central  and  largest 
spine  constituting  its  summit.  Two  short,  ridge-like  ele- 
-vations  of  the  catide,  close  to  the  middle  line,  separate 
the  spines  on  either  side  from  one  another.  Behind,  the 
peripheral  layer  gives  rise  to  a  knob-like  process. 

At  the  end  of  fourteen  days,  the  embryo  is  found  to  have 
increased  much  in  size,  but  presents  few  changes  of  form. 
The  anterior  eoctremity  displays  two  rounded  elevationB, 
the  spines  retaining  their  original  position.  The  peripheral 
layer  has  become  thicker  and  more  distinct ;  its  knob-like 
process  has  by  this  time  disappeared.  The  central  mass, 
now  much  larger,  has  assumed  a  spherical  £gure.  No 
longer  granular,  it  is  seen  to  be  composed  of  numerous 
pale  cells,  which  continue  rapidly  to  increase. 

During  the  third  week,  numbers  of  large  yellow  granules 
begin  to  appear  within  the  outer  layer  of  the  embryo.  No 
other  changes,  saye  those  of  growth,  take  place  in  its 
walls:  but  the  central  mass,  stiU  continuing  to  enlarge, 
gradually  puts  on  the  aspect  of  a  young  Ihhmarh^fnchua^ 
This  mod^  of  derelopment  has  been  compared  by  Leuckait 
to  that  of  certain  Echinoderms,  or  to  the  production  of  the 
Nemertid  larva  within  its  pUidvuan^ 

The  first  part  to  become  differentiated  is  the  cavity  <^ 
the  future  proboscis,  which  appears  as  a  transparent 
lenticular  vesicle  at  the  anterior  end  of  the  spherical  mass. 
Behind  this  are  soon  seen  rudiments  of  the  central  axis 
and  its  contained  ganglion ;  and  the  suspensorial  ligament^ 
with  the  reproductive  organs,  are,  at  the  same  time,  marked 
out.  The  muscles  of  the  outer  wall  have  also  commenced 
their  development.  Next,  the  central  region  of  the  young 
Eckinorhynchvs  rapidly  elongates ;  its  walls  become  thinner, 
and,  separating  frcxn  the  included  structures,  show  the  first 
trace  of  the  visceral  caviiy .  About  this  time  distinctions 
of  sex  first  make  themselves  evident.  The  posterior  end 
of  the  body  undergoes  a  disproportionate  increase  of  size, 
the  muscles  become  more  distinct,  and  the  rudimentary 
generative  organs  are  clearly  manifest.  At  length  the 
young  Eehinorhynchua  occupies  almost  the  whole  interior 
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of  the  embryo,  the  walls  of  whicli  have,  meanwhile,  under- 
gone but  slight  histological  change.  The  spines,  howeTcr. 
have  disappeared,  toge^er,  it  would  seem,  with  the  catick 
to  which  thej  were  attached.  No  rapture  of  the  other 
embryonic  structures  takes  place,  but  they  gradually  attacli 
themselves  to  the  body  of  the  contained  Eehinarhtfnekmt, 
becoming  closely  fitted  to  its  surface,  and  apparenUy  per- 
sisting throughout  its  entire  life.  The  development  of  the 
Echinorhynchus  now  approaches  completion.  The  lemnisd 
appear.  Hooks  arise  on  the  surface  of  the  proboscis,  not 
as  might  be  supposed,  from  its  outer  cuticle,  but  from 
specially  modified  cells  of  an  inner  membrane.  The  in- 
ternal organs  begin  to  assume  their  final  aspect.  Th€ 
external  form  of  the  adult  organism  is  rather  slowly  reached, 
and  a  few  changes  which  ta.ke  place  after  transference  d 
the  Eekinorhynehvs  to  its  final  host  have  yet  to  be  obeenrei 
The  Acanthocephala  undoubtedly  present  certain  lesem- 
blances  to  the  NemeUoideaf  and  more  particularly  to  the 
Oordiacea,  but  the  fundamental  differences  in  the  structure 
of  the  muscular  and  nervous  systems,  and  in  that  of  the 
reproductive  organs,  are  so  great,  that  it  is  impossible  to 
regard  them  as  Nematoids  which  have  undergone  a  re- 
trogressive metamorphosis.  In  their  case,  as  in  that  of  the 
Cestoidea  and  that  of  the  Dicyemida,  it  is,  I  think,  desirable 
to  keep  one's  mind  open  to  the  possibility  that  anenterous 
parasites  are  not  necessarily  modifications  of  free,  enterate 
ancestors. 

The  DiCTEMiDA. — ^In  1830,  Krohn  discovered  certain 
ciliated  filiform  parasites  in  the  renal  organs  of  Gephalopods. 
to  which  Kolliker  subsequently  gave  the  name  of  J>te3f0iiMu 
Recently,  these  strange  organisms  have  been  made  the 
subject  of  renewed  investigation  by  E.  van  Beneden,  from 
whose  elaborate  memoir  *  I  take  the  following  account  of 
their  structure : — 

The  body  of  a  Dieyema  (Fig.  158, 1.)  consists  of  one  large, 

*  "  Recherches  sur  Icb  Dicyemides."  ('  Balletin  de  I'AcAd.  Roymle 
de  Belgique,'  1876.) 
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cylindrical,  or  more  or  leas  fnaform,  axial  eeU,  whioli 
extends  tiom  the  elightlj  enlarged  head-end,  by  which  the 
animal  ifl  attached,  to  ita  posterior  extremity,  and  ia  in- 
Teated  by  a  aingle  lajer  of  relatively  small  flattened  eortieal 

Pig.  l&S. 


maichata,  treated  with  otmle  acid  ;  p,  the  nm  ;  on.  Id  capfule ;  i, 
lb  lid;  t,  mdltlDDoiMte  celli  in  lb  lutvrior.  (After  Van  Beneden,  I.  c.) 

eelU.  These  are  arranged,  like  a  pavement  epithelium, 
around  the  udal  cell,  their  edges  being  juxtaposed ;  they 
are  nucleated,  and  their  free  aurfacea  are  ciliated.  There 
is  no  int«i8pace  between  the  cortical  oella  and  the  axial 
cell,  and  the  organism  ia  a  simple  cell-aggregate,  devoid 
of  oonnectire,  muscular,  or  nerroas  tissues. 

The  cortical  cells  which  invest  the  anterior  or  head-end 
of  the  Dioymtta,  have  pecQliar  characters,  and  are  di»- 
tingnished  as  the  polar  cellfi.  They  are  arranged  in  aach 
a  manner  Uiat  the  head  is  bilaterally  ^mmetricaL  Some- 
times the  polar  cells  constitnte  the  whole  of  the  cephalic 
enlaz^ement,  bat,  in  others,  cells  of  the  adjacent  part  of 
the  body  (poropalar  ceUt)  coatribate  to  the  investment  ot 
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ijhe  head.  Stronglj-refractmg  globules  and  rods  aoconro- 
late  in  some  of  the  ectodermal  oells,  and  cause  them  to 
project  in  the  form  of  papillse. 

The  axial  cell  is  a  mass  of  protoplasm.  Its  relatrrelT 
dense  onter  layer  passes  into  a  central  reticulation,  in  the 
midst  of  which  there  is  a  large  oral  nucleus. 

Beproduction  takes  place  bj  the  formation  of  germs,  asd 
the  deyelopment  of  embryos  from  them,  in  the  axial  cell 
The  embryos  are  of  two  kinds,  the  one  vermiform,  the  other 
infusorif orm,  and  are  not  met  with  in  the  same  IHeyema, 
but  in  individuals  of  somewhat  different  characters.  Those 
which  give  rise  to  the  vermiform  embryos  are  termed 
Nemaiogena,  while  the  others  are  named  Bhomboffena. 

In  the  Nematogena,  the  germs  arise  in  the  protoplasmic 
reticulum  of  the  axial  cell,  and,  at  first,  are  minute  spherical 
bodies,  each  of  which  is  provided  with  a  nuclens^  This 
germ-cell  divides  into  two,  and  each  of  these  again  becom- 
ing bisected,  four  cells  are  produced,  of  which  one 
remains  undivided,  while  the  rest  go  on  dividing.  The 
former  enlarges,  and  gives  rise  to  an  axial  cell,  around 
which  the  other  cells  arrange  themselves,  until  eventually 
they  enclose  it.  Before  they  meet,  they  surround  an  open- 
ing through  which  one  end  of  the  axial  cell  protrudes.  This 
corresponds  with  the  oral  pole. 

Before  the  young  Dicyema  thus  developed  leaves  the 
body,  which  it  generally  does  by  traversing  the  oral  pole, 
(though  it  may  make  its  way  out  through  the  parietes,)  two 
embryos  of  the  same  kind  appear  within  its  axial  celL 

Thus  the  nematogenous  Dwyema  gives  rise  by  an  agamo- 
genetic  process  to  new  Dicyemas, 

In  the  Bhombigena,  the  germs  are  developed  in  from  two 
to  five  special  nucleated  parent  cells,  the  origin  of  which  is 
not  known.  They  are  found  imbedded  in  the  protoplasm  of 
the  axial  cell,  and  the  germs  are  developed  endogenously 
from  the  protoplasm  of  the  parent  cell,  the  nucleus  of 
which  remains  unchanged.  The  germs  undeigo  division, 
and  become  spheroidal  bodies  composed  of  two  kinds  of 
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cells,  small  and  large.  Each  of  these  bodies  is  conrerted 
into  an  inf  osorif  orm,  bUaterallj  symmetrical  embryo,  which 
consists  of  an  wm,  a  eiUated  body,  and  two  refractwe  bodies. 

The  urn,  situated  on  the  y^ntral  side  of  the  embryo, 
is  composed  of  a  capsule,  a  lid,  and  contents. 

The  latter  are  four  granular  masses,  each  of  which 
contains  many  nuclei,  and  eventually  becomes  covered 
-with  cilia.  The  refractive  bodies  take  their  origin  in  two 
adjacent  cells.  They  partially  cover  the  urn  in  front,  and 
form  the  largest  portion  of  the  dorsal  face  of  the  embryo. 
The  ciliated  body  consists  of  ciliated  cells,  and  forms  the 
caudal  portion  of  the  embryo. 

While  the  vermiform  embryo  becomes  a  Dieyema  in  the 
body  of  the  Cephalopod  on  which  its  parent  is  parasitic, 
the  infnsorif orm  embryo  is  set  free,  and  probably  serves 
as  the  means  by  which  the  parasite  is  transmitted  from  one 
Cephalopod  to  another. 

Professor  E.  van  Beneden  compares  the  cortical  layer 
of  a  Dieyema  to  the  ectoderm,  and  the  arial  cell  to  the 
endoderm  of  a  Metazoon ;  and  the  mode  of  production  of 
the  embryo  to  the  process  of  epiboly  in  the  Metcasoa.  But» 
from  the  complete  absence  of  any  mesoblastic  layer,  he 
proposes  to  establish  a  new  division  of  Mesosoa,  inter- 
mediate between  the  Protozoa  and  the  Metaaoa,  for  the 
Dicyemida, 
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CHAPTER  Xn, 

THB  TAXONOMY  OF  IKTBBTBBBATED  AVUCALa 

Thb  gronping  of  the  yorions  kinds  of  iziTertelmted 
ftnimftla  which  has  been  adopted  in  the  preceding  P^^  ^ 
to  be  regarded  merely  as  a  temporary  airangementw  Each 
chapter,  from  the  second  to  the  tenth,  is  devoted  to  a  series 
of  forms,  the  morphological  relations  of  which  aie  jdok 
or  less  obvious,  while  Chapter  XI.  is  reserved  partly  for 
such  groups  as  do  not  readily  find  a  place  in  any  of  the 
series  which  precede  them ;  and,  partly,  for  such  as  hare 
been  established  since  this  work  was  commenced. 

Our  knowledge  of  the  anatomy,  and  especially  of  the 
development,  of  the  Inveriebraia  is  increasing  with  sndi 
prodigious  rapidity,  that  the  views  of  Taxonomists  in 
regard  to  the  proper  manner  of  expressing  that  knowledge 
by  claflsification  are  undergoing,  and,  for  sometime  to  come, 
are  likely  to  undergo,  incessant  modifications. 

To  the  beginner,  who  is  apt  to  make  the  mistake  of 
looking  upon  classification  as  the  foundation  and  eseence 
of  morphology,  instead  of  what  it  really  is,  the  anper- 
structure  and  outcome  thereof,   this  state  of  things  is 
distressing.    Every  handbook  presents  him  with  a  different 
system  of    classification,  and  he   may,  not  nnnatuzally, 
despair  of  finding  any  stability  in  a  science,  the  most 
general  results  of  which  are  capable  of  being  stated  in  such 
very  different  ways.    If,  however,  the  student  will  attend  to 
the  facts  which  constitute  the  subject  matter  of  dassifica* 
tions,  rather  than  to  the  modes  of  generalising  them  which 
are  expressed  in  taxonomic  systems,  he  will  find  that,  how- 
ever apparently  divergent  these  systems  may  be,  they  have 
a  great  deal  in  common. 
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It  is  possible  to  diyide  invertebrated  animalg  into  a 
certain  nmnber  of  groups,  each  of  wliich  will  be  admitted 
by  ererj  morphologist  to  be  in  itself  a  perfectly  natural 
assemblage.  That  is  to  say,  all  the  forms  thus  associated 
together  will  resemble  one  another,  and  will  differ  from  all 
other  animals,  in  certain  respects.  Each  such  assemblage 
is,  in  fact,  a  "  natural  order  "  in  the  sense  in  which  that 
-word  is  used  by  botanists ;  and,  although  the  number  of 
these  natural  orders  may  be  increased  by  the  discoveiy 
of  new  forms,  or  diminished  by  the  ascertainment  of  closer 
bonds  of  union  than  are  at  present  known  to  exist,  between 
the  orders  already  discriminated ;  yet,  the  morphological 
types  which  they  represent  will  always  remain ;  and  there- 
fore the  knowledge  of  their  characters,  once  acquired,  will 
be  a  permanent  possession. 

It  is  not  needful  that  these  natural  orders  should  be 
morphologically,  still  less  numerically,  equivalent ;  and,  in 
forming  them,  it  is  more  important  that  similarities  should 
not  be  neglected,  than  that  differences  shoidd  be  oyerlooked* 
Those  which  have  been  recognized  in  the  preceding  pages 
are  enumerated  in  the  following  list,  arranged  in  sections 
corresponding  with  the  chapters  in  which  they  are  discussed. 
Under  the  head  of  each  section,  I  shall  proceed  to  make 
such  observations  as  have  been  suggested  to*  me  by  new 
information  or  by  further  reflection,  during  the  progress  of 
this  work. 

Section  I. — Monera  [Poramtrnfera]  [Helioaoa],  Badio- 
laria^  Protoplada,  Oregarinida,  CoitaUaeta,  Infiuoria 
lOpalinina,  CUiata,  FlagelUUa,  TentcusuUfera], 

Section  n. — Porifera,B.ydro9oa,  CoraUigena  [^CUnophora]. 

Section  III. — TurheUaria,  BoHfera  [NeTnaiorhyneha], 
Trematoda,  Cetioidea. 

Section  lY. — Hirvdinea,  Oligochceta,  PolyehcBta,  Ctephi/rea, 

Section  Y. — Onwtacea,  Arach/nida  [Pycnogonida,  Tardi- 
grada^  Pentadomida],  Myriapoda,  Inseda. 

Section  YL — Polyaoa,  Brachiopoda,  LameUtbranehicUa, 
OdoTiiophora. 

2  u 
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Section  Yll. — Echinodermaia. 

Section  VIII. — Tunicaia, 

Section  IX — PeripaMdea,  MytodofnaJta,  Enieropneuda, 
Ch4Btog7iatha,  Nematoidea,  Phygemaria^  Aeanikoc^kalA, 
Dieyemida. 

Section  I. — In  the  commencement  of  Chapter  IL,  I 
have  expressed  a  douht  as  to  the  yalidiiy  of  the  distinctioii 
of  the  gronps  contained  in  this  section  bj  the  presence  or 
absence  of  a  nucleus,  and  the  recent  investigationB  of 
Schulze*  and  Hertwigf  have  justified  mj  hesitatioiL 
These  obserrers  ha^e,  in  fact,  demonstrated  the  existence 
of  one  or  more  nuclei  in  many  Faramin\fera  {BkUasdUnia, 
PolystomeUa,  Botdlia,  Texhdaria,  some  MiUolidcB),  These 
nuclei  may  be  simple  or  multiple ;  in  the  latter  case,  they 
have  no  special  relation  to  the  cameration  of  the  skeleton, 
and  they  are  single  in  the  young. 

The  ^scovery  of  the  nuclei  was  effected  by  treating  the 
Foraminifera  in  which  they  were  found  in  a  special  manner : 
and,  considering  the  negatiye  results  at  which  the  best 
observers  of  the  Foraminifera  have  hitherto  arriTcd,  and 
the  fact,  that  the  other  Monera  have  not  been  investigated 
by  the  same  methods,  it  will  probably  be  wise  to  consider 
the  question*  of  the  non-existence  of  a  nucleus  in  them  as 
an  open  one. 

Hertwig  proposes  to  include  all  the  Bhizopods  which  are 
inrested  by  a  coat  of  chitin,  or  by  silicious  or  arenaceous 
particles,  or  which  possess  a  skeleton,  under  the  head  of 
Thalamophora ;  but  the  name  of  Foraminifera  is  now  so 
widely  accepted  and  so  long  established  that  I  cannot  but 
think  that  the  better  course  is  to  retain  it. 

I  have  included  the  Actinophryida  and  the  Mmila^-y  forms 
found  in  fresh  water,  and  provided  with  Badiolarian  skele- 
tons, with  the  marine  BadioUma, 

*  ^  Rhizopoden-Studien,    YI.*'  tion  und  syBtematitehe  Stdlong 

(*Archiv  fur  Mikr.   Anatomie,'  der  Foraminiferen."  ('JeuiiMhe 

1876.)  Zeitschrift,'  1876.) 
t  "BemerkuiigensarOrganiMi- 
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Hertwig  and  Lesser,*  however,  in  their  importtmt 
monograph  upon  the  Bhizopods,  have  stated  reasons  for 
separating  the  former  as  a  distinct  gronp  (the  Helianoa  of 
Haeckel),  though  their  conolnsion  that  there  are,  at  present, 
no  grounds  for  assuming  even  a  remote  relation  hetween 
the  HeliozQfii  and  the  Badiolaria  (1.  c.  p.  159)  appears  to  me 
to  have  no  sufBoient  warranty. 

The  Helioeoa  are  defined  by  these  authors  to  be  uni- 
cellular organisms,  which  occasionally  become  multicellular, 
or  at  any  rate  mtdtinudeate,  by  the  multiplication  of  the 
nucleus.    They  are  usually  spheroidal  and  free,  but  some 
are  fixed  by  means  of  a  sUiJk.    In  most,  the  protoplasm  of 
which  they  consist  is  differentiated  into  a  cortical  and  a 
medullary  substance  (ectosarc  and  endosarc).  The  sharpness 
of  demarcation  of  the  ectosarc  from  the  endosarc  varies. 
In  Aetinophrys  sol  the  two  pass,  imperceptibly,  one  into  the 
other ;  in  AeHnosphcBrmm,  the  change  from  the  ectosarc  into 
the  endosarc  takes  place  within  a  narrow  zone,  everywhere 
equidistant  from  the  centre.    The  line  of  separation  between 
the  endosarc  and  the  ectosarc  is  best  defined  in  the  Acan- 
ihocysHdcB,  Heterophryidm,  iui.,  but  it  arises  only  from  a 
differentiation  of  the  protoplasm,  and  not  from  the  develop- 
ment of  a  definite  membranous  investment  around  the 
endosarc.    The  nuclei  lie  in  the  endosarc.    When  only  one 
exists  it  is  usually  eccentric,  and,  when  there  are  many, 
they  are  scattered  irregularly.    The  ectosarc  contains  con- 
tractile, and  sometimes  non-contractHe,  vacuoles,  which 
last  may  also  be  met  with  in  the  endosarc.    The  pseudo- 
podia  are  thin,  filiform,  and  radiate  from  the  body ;  some- 
times their  surface  presents  moving  granules.    They  rarely 
branch  or  anastomose.     In  many  cases  they  present  an 
axial  substance  which  may  be  traced  as  far  as  the  endosarc. 
The  silicious  skeleton  may  consist  of  separate  spicula  or 
form  a  continuous  shelL 

•  "UeberKhisopodenandden-  of  the  sa1]jeet  wiU  be  found  in 
Belben  nahestehender  (^gganis-  this  memoix*  ftnd  in  Dr.  Car- 
men." (*  Archiv fur Mikr.  Anat/  penter*8  'Introduction  to  the 
Bd.  X.  Supplement  heft,  1866.)  Study  of  the  Foraminifera,'  1862« 
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The  HtfZiosoa  propagate  bj  simple  division  with  or  withoat 
pTevious  encjstation ;  and  the  prodncts  of  diTisioii  may  or 
maj  not  become  encysted.  They  may  either  pass  directlj 
into  the  adult  state  or  become  monadiform  actiTelarrs. 
provided  with  two  flagella,  a  nucleus  and  contractile  v^aick. 
which  in  course  of  time  develope  into  the  pareni;  form.* 


A  completely  new  light  has  been  thrown  upon  the  t€l^ 
question  of  the  supposed  sexual  method  of  reproductioB 
of  Jn/fworia  by  the  investigations  of  Engelmann,t  Butachlil 
and  Hertwig,§  the  results  of  whose  observatians  may  Kr 
summed  up  as  follows : — 

1.  The  so-called  acinetiform  embryos  are  parasites. 

2.  The  rod-like  bodies  occasionally  observed  in  the  endo- 
plast  are  also  parasites,  and  probably  Baderia, 

S.  The  globular  so-called  germs  in  the  VorticeOidtB  and 
the  bodies  termed  '  ovules '  by  Balbiani  have  nothing  to  dii 
with  reproduction. 


*  Ab  this  chapter  was  paaring 
through  the  press,  Hertwie*s 
monograph  'Zur  Histologie  der 
Badiolanen'  has  come  into  my 
hands.  The  Badioiaria  are  de- 
fined as  Rhizopods  with  pointed, 
branched,  nsnally  anastomosing 
and  granular  pseudopodia,  which 
proceed  from  a  protopiasmio 
Dodv  enclosing  either  numerous 
•mall  heterogeneous  nuclei,  or  a 
single  larger highiydifferentiated 
vesicular  nucleus.  The  protoplasm 
of  the  bodv  is  further  separated 
into  a  penpheral  non-nucleated 
and  a  central  nucleated  portion, 
by  a  membranous  capsule  with 
porous  walls.  The  capsule  is  in- 
vested by  a  homogeneous  gelati- 
nous substance ;  the  extracapsular 
protoplasm  usually  contains  nu- 
merous yellow  cells. 

Propagation  is  effected  (pro- 
bably always)  by  the  breaking  up 
of  the  body  into  unicellular 
monadiform  embryos  provided 
with  a  single  flageilum.    As  a 


result  of  these  inve8tigatioii& 
Hertwig  admiU  that  the  RaSo- 
laria  and  the  Heliozoa  are 
closely  allied,  and  even  sogresti 
that  the  name  of  Badidtaria 
should  apply  to  both  groups, 
which  would  then  form  the  sob- 
divisions  of  HeJiozoa  and  C^Co- 
phora.  The  Radioiana(^CftcfAon) 
are  distinguished  into  CoUottA 
(with  numerous  small  nuclei) 
and  CoUiJa  with  a  single  highly 
differentiated  nucleus. 

t  "  Ueber  Entwickelnng  and 
Fortpflanznng  der  Infusorien." 
Q  Morpholo^ches  Jahrbneh,* 
1876.) 

t  '<  Mittheilungen  liber  die 
Conjugation  der  Infusorien  ond 
die  ZelltheUnng."  (« Zeitschrift 
fur  Wiss.  Zool^e,'  1875.) 

§  « Ueber  Podopkrya  fftmmi- 
pom,  nebst  Bemerkungen  xam 
Bau  und  sur  systematische  Stel- 
lung  der  Acineten."  OMorph. 
Jahrbuch,'  1676.) 
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4.  In  the  VorHoeUidm,  when  oonjugation  takes  place,  the 
endoplasts  of  both  indiyidnaLB  break  up  into  a  number  of 
fragments.  These  become  mixed  np  in  the  common  bodj 
which  results  from  conjugation.  The  endoplast  of  the 
latter  results  from  the  gradual  union  of  manj  smaller 
particles  which  make  their  appearance  in  the  endoaare. 
Whether  thej  are  identical  with  the  fragments  into  which 
the  endoplasts  of  the  conjugated  indiyiduals  have  divided, 
is  not  certain. 

5.  When  Infiuoria  which  possess  an  endoplastule,  as  well 
as  an  endoplast,  cox^jugate,  both  of  these  structures  undergo 
division ;  and  the  endoplastule,  before  division,  acquires  the 
striated  structure  and  spindle  shape,  which  has  obtained 
for  it  the  name  of '  seminal  capsule.* 

6.  The  final  residt  of  coxijugation  is  the  appearance  in 
each  of  the  individuals  which  have  undergone  conjugation 
of  the  endoplast  and  endoplastule  (either  single  or  multiple) 
which  characterise  the  species. 

It  does  not  appear  that  there  is  any  positive  proof  that 
the  striated  endoplastule,  or  endoplastules,  of  the  conjugated 
individuals  are  or  are  not  exchanged.  From  Butschli's 
observations  on  Stylonichia  mytUus,  he  concludes  that  the 
endoplast  divides  into  four  fragments;  that  these  round 
themselves  off  into  the  so-called  '  ovules '  of  Balbiani,  and 
are  expelled  from  the  body;  while,  of  the  four  striated 
endoplastules  into  which  the  endoplastnles  which  exist 
before  fecundation  divide,  one  is  converted  into  a  large 
transparent  body,  and,  dividing,  gives  rise  to  the  two  new 
endoplasts  which  appear  in  the  StyUmichicB,  after  their 
separation.  Two  of  the  others  become  the  new  endo- 
plastules ;  while  one,  apparently  undergoing  retrogressive 
metamorphosis,  is  cast  out  of  the  body. 

From  tiiese  facts,  and  from  the  circumstance  that  the  en- 
doplastules of  Infusoria,  which  are  merely  dividing,  acquire 
the  striated  stracture,  it  must  be  concluded  that  the  as- 
cription of  a  spermatozoal  nature  to  the  stri®  of  the  modified 
endoplastoles  is  not  warranted.    And  the  remarkable  ob- 
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Beryations  of  Butsohli,  StraBsburger,*  Tan  Beneden  and 
H«rtwig,t  on  the  changes  which  take  place  in  the  nuclei 
of  both  animal  and  vegetable  cells,  which  are  undergoing 
dirision,  or  are  preparing  for  fecundation,  seem  to  leave  no 
doubt  as  to  the  justice  of  this  negatiye  oondusion.  In  such 
cells  the  nucleus  becomes  elongated  and  assumes  a  striated 
appearance,  so  as  to  resemble  in  a  yerj  striking  manner,  ihe 
so-called '  seminal  capsule '  of  the  Infusoria.  NerertlieLess, 
it  is  still  possible  that  the  coi^jugation  of  the  Ii^usoria  may 
be  a  true  sexual  process ;  and  that  a  portion  of  the  dhrided 
endoplastules  of  each  may  play  the  part  of  the  spermatio 
corpuscle;  the  conjugation  of  which  with  the  nudeoa  of 
the  OYum,  appears,  from  recent  researches,  to  oonstitnte 
the  essence  of  the  act  of  impregnation. 

With  the  proof  that  the  *  acinetif orm  embryos '  of  the 
InJuBoria  ciliaia  are  parasites,  the  view  of  the  relationB  of 
the  Teni€U!ulifera  with  the  CUiaia,  suggested  at  p.  109, 
ceases  to  be  exactly  tenable.  NcTertheless  the  resemblance  of 
the  ciliated  young  Adnetm  to  the  simpler  forms  of  the 
aUaia  is  so  close  that  they  may  still  be  said  to  be  modifica- 
tions of  a  common  type.  Hertwig  X  has  made  the  interost- 
ing  obserration  that,  in  some  AcmeUB^  the  tentacnla  are  of 
two  kinds;  those  of  the  one  kind  are  the  characteristic 
suctorial  organs,  while  those  of  the  other  kind  are  simply 
prehensile,  and  haye  a  structure  very  similar  to  that  of 
the  prehensile  pseudopodia  of  the  Actvaophnji&cB.  The 
same  author  shows  that  the  ciliated  germs  do  not  arise 
from  the  endoplast  alone,  but  that  a  portion  of  the  proto- 
plasm of  the  body  invests  each  division  of  the  endoplasi 
In  fact  the  process  by  which  these  germs  are  developed  is 
altogether  similar  to  ordinary  cell-diyision. 

The  Opalinvna  must  clearly  be   arranged  among  the 

*  <TJeberZellbildiingttndZell-  t^^VehetPodophryaffemmqwu 

theilung,'  1876.  neost  Bemerkangen  sum  Bmi  and 

f  "  ^triige  zur  Kenntnlss  and  zur   systematisobe   SteHimg  der 

Bildung,  Betruohtung  und  Thei-  Aoineten.'*      (*  Morj^Iogisefaei 

lung    des     thierriscnen     Eies."  Jabrbuch/  1876.) 
C  Morpb.  Jabrbacb,'  1876.) 
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Infiuaria,  Stein  regards  them  as  simply  the  lowest  forms 
of  the  HoMrieha,  but  it  will  probablj  be  safer  to  consider 
them  as  a  distinct  group,  standing  in  somewhat  the  same 
relation  to  the  Ciiiata  as  the  QregcarimdoR  do  to  the  AmcebiB, 

Sbction  IL — The  elucidation  of  the  problem  of  the 
mode  of  deyelopment  of  the  Sponges  has  been  greatlj 
adyanced  by  the  iuTOstigations  of  Oscar  Schmidt,*  Schulze,t 
and  especially  of  Barrois^  which  confirm  the  assertion  of 
Metschnikoff  that  the  Tesicular  morula  which  constitutes 
the  early  condition  of  the  sponge-embryo  consists  of  blasto- 
meres  of  two  kinds ;  those  of  the  one  half  of  the  spheroidal 
or  flattened  embryo  being  elongated  and  flagellate ;  those  of 
the  other,  rounded,  granular  and  non-ciliated.  Schulze  and 
Barrois  hare  independently  ascertained  that  the  latter 
region  sometimes  undergoes  partial  inyagination ;  and  that 
a  cup-shaped  body  is  produced,  composed  of  an  epiblast 
formed  of  flagellate  cells  and  a  hypoblast  of  spheroidal, 
non-ciliated  cells.  Thus  the  ''  gastrula  "  stage  of  Haeckel 
may  exist,  though  it  is  not  formed  by  delamination,  as  he 
supposed,  but  by  inTBgination.  But  it  appears  that  this 
gastrula-stage  does  not  always  occur,  and  that  when  it 
does,  it  is  transitory,  in  so  far  as  the  hypoblastic  cells 
subsequently  enlarge,  protrude  beyond  the  epiblastic  cells, 
and  giye  rise  to  the  free  ovate  embryo  formed  of  a  ciliated 
and  non-ciliated  half,  which  has  so  often  been  observed. 
According  to  Barrois'  observations,  this  free  swimming 
larva  fixes  itself  by  its  non-ciliated  hypoblastic  half,  and  the 
hypoblastic  cells  are  invested  by  those  of  the  epiblast,  which 
thus  constitute  the  whole  outer  covering  of  the  young 
sponge.  The  central  cavity  of  the  sponge,  which  represents 
the  archenteron,  arises  in  the  midst  of  the  included  hypo- 

*  <  Zor  Orientirung  uber  die  Entwiekelung      von     ^foandra 

£ntwickelang    der     Sponffien  *'  raphanua  "   ('  ZeitBchrift  f.  Wiss. 

C  ZeitBohiift  fur  Wiss.  ZooTogie,'  Zooloffie,'  1875)  ^  uid  *<  Zor  Ent- 

1875);     and     **Noohmals     die  wickelaDgsgeecnichte  von  Sycaa- 

Gaetrula   der    KAlkBchwamme"  dn."   (Ibid.  1876.) 

(*  Archiv  f.  Mikr.  Anat,'  1876).  %  *  Annaies  dee  Soiences  Natu- 

t  '*  Ueber  den   Bau   und  die  reUei,'  187ii. 
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blastic  cells,  while  the  osculam  is  a  secondary  opening, 
formed  apparently  by  an  inyag^ination  of  the  ectoderm,  and 
has  nothing  to  do  with  the  priniitiye  blastopore.  Thus 
even  the  simplest  sponge  has  passed  beyond  the  gasAmla- 
stage. 

Schnlze  has  made  the  important  disooYery  that^  in  8f- 
ecmdra  raphamms,  there  is  a  layer  of  flattened  cells  eoEtemal 
to  the  syncytium ;  whence  the  latter  may  rather  be  regarded 
as  the  equiyalent  of  the  mesoderm  than  of  the  ectoderm  of 
the  Ccdenteraia.  And  the  observations  of  Barrois  on  other 
calcareons  sponges  tend  to  the  same  conclusion*  The  car&- 
fol  inyeetigations  of  the  last-named  writer  have  not  enabled 
him  to  discover  spermatozoa  in  any  sponge,  and  he  finds 
that  the  ova,  when  they  are  first  discernible,  are  situated  in 
the  syncytium  or  mesoderm,  and  not  in  the  endoderm.  In 
the  free  larvs  of  the  calcareous  sponges  an  equatorial  zone 
of  rounded  equal-sized  blastomeres  is  interposed  between  the 
ciliated,  or  epiblastic,  and  the  non-ciliated,  or  hypoblastic, 
hemisphere;  and  it  appears  probable  that  these  cells  re- 
present a  mesoblast  and  give  origin  to  the  mesodenn.  The 
embryo  in  this  condition  has  a  very  interesting  resemblance 
to  that  of  ClepnfM,  in  the  stage  in  which  the  epiblast 
occupies  one  face  of  the  embryo,  and  the  hypoblast,  formed 
of  three  very  large  blastomeres,  the  opposite  face ;  while  an 
incomplete  zone  of  six  or  eight  large  blastomeres,  which  are 
eventually  endosed  by  the  epiblast,  surrounds  the  margins 
of  the  latter. 

At  p.  150, 1  have  quoted  Ha^kel's  account  of  a  process 
of  JSMogcbdrio  gemmation  in  Cofirmarina  hadaia  of  an 
altogether  anomalous  character. 

F.  £.  Schulze*  has  lately  investigated  specimens  of 
Oery<mia  hesDaphyUa  provided  with  entogastric  processes 
beset  with  budding  CunincB,  and  he  proves  that,  in  this 
case,  at  any  rate,  the  phenomenon  is  one  of  parasitiBm. 

* ''UeberdieCttiiineiiKnoflpen-       schmftlichen    Verelnes.'     Gns, 
•ehren  im  Magen  v.  Geryonien."       1875.) 
(<  Mittheilangen  des  Natnrwisaen- 


CTTHIHA  AND  OEBTOHIA.  665 

The  stem  from  which  the  buds  proceed,  in  fact,  is  not  a 
process  of  the  body  of  the  Oeryonia,  but  is  simply  attached 
to  the  wall  of  the  gastric  chamber  of  the  latter.  It  is 
hoUow,  and  its  cavity  is  lined  by  an  endodermal  epithelium. 
The  Cunina  buds  are  not  developed  from  the  epithelinm 
which  covers  the  stem  and  represents  its  ectoderm,  but 
commence  in  the  ordinary  way,  as  csecal  diverticula  of  the 
wall  of  the  stem,  the  apices  of  which  soon  open  to  form 
the  hydranth  of  a  medusoid,  the  disk  of  which  results  from 
the  outgrowth  of  the  base  of  the  hydranth.  In  all  pro- 
bability the  larva  of  the  Ctmina  enters  the  gastric  cavity  of 
the  Qeryonia  as  a  planula;  and,  attaching  itself  to  the 
wall,  grows  out  into  a  stolon  whence  the  medusoids  bud. 

It  may  be  suspected  that  the  other  cases  of  supposed 
entogastric  proliferation  will  prove  to  be  susceptible  of  a 
similar  explanation. 

Although,  as  I  have  endeavoured  to  show,  the  Gtefnophera 
are  readily  reducible  to  the  general  plan  of  the  AcUno»oa, 
yet  considering  their  many  peculiar  characters,  I  think  it 
is  advisable  to  separate  them  from  the  CoraUigena,  as  a 
distinct  natural  order. 

Moreover,  the  Physemaria  must  undoubtedly  be  placed  in 
this  section,  which  will  therefore  consist  of  the  following 
natural  orders :  Phyaemaria,  Portfera,  Hydrowa,  CoraUigena, 
Ctenqphora. 

Section  III. — ^I  concur  in  the  -prGpoeal  of  Biitschli*  to 
establish  a  group,  Nemaiorhyncha,  for  the  genera  GhcBtO" 
notus,  Echinoderes,  and  their  allies,  to  which  reference  is 
made  at  p.  192.  The  NemcUorhyncha  are  divisible  into  the 
Gastratrichaf  {Chcstonotue,  Chcstwra,  Gephalidiwn,  Ichthy' 
dium,  Twrhamella,  Hemidaeys  and  Dasydvtes),  which  are 
ciliated  on  the  ventral  surface  of  the  body,  and  the  Atricha 
(Echinoderea),  which  possess  no  ciHa.    Biitschli  finds  two 

*  "  UntenuchuBgen  uber  frei-  f  See  H.  Lndwig,  ^  Ueber  die 

lebende  Nematoden  und  die  Gat-  Ordnong  Gaatrotricha.'    (*  Zeit- 

tung   Chaetonohur    CZeitscbrift  ichrift  fur  Wiss.  Zoologie,' 1876.) 
fUr  Wi88.  Zoologie,'  1876.)J 
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conToluted  water-Teaseb  analogouB  to  those  of  the 
but  apparently  not  ciliated,  in  Chceionohu. 


Sbction  IY. — Our  knowledge  of  the  development  of  the 
Hirvdinea  has  received  an  imi)ortant  addition,  in  the 
'  M^oire  stir  le  d^veloppement  embrjogeniqiie  des  Hinidi- 
nto/  by  M.  0.  Robin ;  who,  among  other  important  oon- 
tributions  to  embryology,  has  rectified  some  important 
errors  of  Bathke  respecting  the  early  stages  of  the  develop- 
ment of  Clepsine.  I  have  found  the  description  and  figmnes 
of  the  various  stages  of  cleavage,  and  of  the  steps  by  whieh 
the  blastoderm  is  converted  into  the  young  Clepdme,  given 
in  this  memoir,  to  be  exceedingly  accurate. 

The  whole  process  in  Clepsine  is  very  gimilar  to  that 
which  has  been  described  in  EiMtxes  by  Kowalewskj  *  and 
shares  with  it  the  remarkable  peculiarity  that  the  first 
formed  portion  of   the  blastoderm  becomes  the    hsBmaJ 
region  of  the  body.    As  this  blastodermic  disk  grows,  its 
margins  thicken  and  give  rise  to  two  germ-bands  (Eeim- 
streifen).     These  gradually  approximate   and  eventually 
unite  upon  the  opposite  face  of  the  ovum.    Ab  the  chain 
of  ganglia  is  the  product  of  the  differentiation  of  the 
epiblast  of  the  germ  bands,  it  follows  that  it  is  formed  by 
the  union  of  two  primarily  distinct  nerve  tracts,  which 
move  round  from  the  heemal  to  the  neural  aspect  of  the 
body ;  and  thus  the  arrangement  of  the  nenrous  trunks  in 
McUaoohdeUaf  may  be  regarded  as  expressive  of  a  condition 
which  is  transitory  in  Cl^sine  and  Euaxes, 


*  '  Embryoloeische  Stadien  an 
Wurmern  una  Arthropoden.' 
('Mem.  de  TAcad.  Imp.  de  St. 
Petenboore/  1871.) 

t  According  to  Semper's  re- 
cently published  statements,  Ma- 
lacobdeUa  is  a  true  Nematoid,  and 
not  a  Leech.  ("  Die  Verwandt- 
schaftsbeziehuneen  der  geglie- 
derten  lliiere,"^Arbeiton  aus  d. 
Zoologisch-Zootomischen  Institut 
in  Wilnbarg,'  Bd.  iu.,  1876.)  The 
memoir  here  cited  is  full  of  im- 


portant observations  respecting 
the  structure  of  the  nervous 
system  in  the  Ajmeiidas  the 
agamogenetic  multiplication  of 
NaU  and  Ouetogatter ;  and  the 
development  of  the  organs  of 
these  Anneiids. 

Moreover,  the  author  discusses 
very  fully  the  relation  cf  the 
Annelidan  with  the  vertebrate 
types  of  organisation.  I  do  not 
propose  to  touch  upon  this  sub- 
ject in  the  present  volume;  but  1 
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Many  years  ago  *  I  directed  attention  to  the  fact  that 
"  the  deyelopment  of  a  MoUnak  commences  on  the  heemal 
side  and  spreads  round  to  the  nenral  side,  thus  reversing 
the  process  in  Articnlata  and  Yertebrata ;''  and  it  is  yerj 
interesting,  considering  the  many  cnrious  points  of  ap- 
proximation between  the  Annelida  and  the  MoUrMca  which 
are  now  coming  to  light,  to  obsenre  that  certain  Annelids 
present  this  especially  Mollnscan  pecoliarity.f  As  Yon 
Baer  long  ago  pointed  out,  there  is  a  striking  likeness 
between  the  foot  of  a  Gasteropod  and  the  suctorial  disk  of 
one  of  the  Hirudinea.  The  so-called  jaws  of  the  Leeches 
(the '  teeth '  of  which,  I  may  observe  in  passing,  are  calcified) 
are  curiously  similar  to  anodontophore  devoid  of  cartilages, 
the  representative  of  the  radula  being  supported  on  a 
muscular  cushion. 

The  statement  at  p.  245,  that  "  no  calcareous  skeleton  is 
found  in  any  of  the  Gephfrea  "  ceases  to  be  true  since  the 
discovery  of  L.  Qraff,  %  that  the  minute  spines  of  ChcBiO' 
derma  are  calcified.  It  is  a  further  peculiarity  of  this 
genus,  that  two  distinct  nerve  cords  proceed  from  the 
cerebral  ganglia,  parallel  with  one  another,  on  each  side  of 
the  body,  in  the  place  of  the  single  median  nerve  cord  of 
other  members  of  the  group. 

Dr.  Jhering  §  has  directed  attention  to  certain  points  of 


may  remark  that  the  evidence 
upon  which  the  identifieation  of 
the  structareB  termed  **  Kiemen- 
gangwulste "  and  their  products 
with  the  branchial  apparatus  of 
▼ert<*brate  animals  is  founded, 
appears  to  me  to  be  wholly  in- 
adequate to  bear  out  the  con- 
clusions deduced  fh>m  it. 

*  *  On  the  Morphology  of  the 
Cephalous  Mollusca.'  (*  ^1^1* 
Trans./  1852,  p.  45  and  naU.) 

I  The  mode  of  development  of 
the  central  nervous  svstem  in 
Etuixet  and  CZ^pmie  oners  many 
points  of  interest  Not  the  least 
important  of  them  is  the  obvious 
similarity    (to   which   atteniion 


lieen  directed  by 
Semper)  between  the  germ 
bands  of  CVIe^mewhen  th^  have 
united  throughout  the  greater 
part  of  their  length,  but  surround 
the  blastopore  behind,  and  the 
Amphibian  embrvo  with  its 
dornl  ridges,  which  have  exactly 
similar  relations  (See  for  example 
Fig.  40,  in  Plate  III.  of  Gdtte's 
work  *  Die  Entwickelungsge- 
Bchichte  der  Unke.') 

t  *' Anatomic  des  Chatoderma 
tutidvlum.**  (<Zeit8chriftf.WiB8. 
Zooloffie,'  1876.) 

§  '  Yergleichende  Anatomie 
des  Nervensystems  der  Melius* 
ken,'  1877. 
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resemblaxuse  between  ChoBtoderma,  with  the  allied  gesiiis 
Neomenia,  and  the  Chitons,  especiallj  in  the  amoigemait 
of  the  tnmkfl  of  the  nenrous  system ;  askd  he  proposes  to 
unite  the  three  into  a  group  of  Amphineura — thus  separating 
the  Ohitons  from  the  MoUuaca  altogether. 

Sbction  Y. — ^I  regret  that  I  hare  been  unable  to  make 
use  of  Glaus'  I'ecentlj  published  important  contributioBB 
to  the  histoiy  of  the  deyelopment  of  the  Ortuiaeea.^ 

Sbction  YL — ^The  thorough  examination  of  the  stmctore 
of  PediceUina  and  L(MOioma  by  Nitsche  f  has  shown  thai 
the  differences  between  the  ectoproctous  and  the  endopioct- 
ous  Polyaoa  areof  a  more  fundamental  character  than  had 
been  suspected.  In  the  Edoprocta,  in  fact,  the  endocjst 
consistB  of  two  layers,  an  outer  and  an  inner ;  of  which  the 
former  is  the  representatiTe  of  the  ectoderm  in  other  ^niwMJa- 
The  latter  lines  the  wall  of  the  '  perivisceral  cavity/  and  u 
reflected  thence,  like  a  peritoneal  tunic,  over  the  tentacular 
sheath  and  into  the  interior  of  the  tentaoula,  whence  it  is 
continued  on  to  the  alimentaiy  canal,  of  which  it  forms  the 
external  inyestment.  The  endoderm,  which  lines  the  ali- 
mentary canal,  is  of  course  continuous,  through  the  oral 
opening,  with  the  ectoderm. 

In  the  Endoproeta,  on  the  contrary,  the  endocyst  is  com- 
posed of  only  one  layer,  and  the  endoderm  of  the  aUmentazy 
canal  has  no  second  or  external  coat.  The  '  periTisoeral 
cavity '  or  interspace  between  the  endoderm  and  ectoderm, 
is  occupied  by  ramified  mesodermal  cells. 

Thus  the  Endoprocta  present  a  structure  as  simple  as 
that  of  Nematoid  worms ;  while  the  Eeioproeta,  in  possess* 
ing  a  periyisceral  cavity  with  a  special  lining,  the  inner 
surface  of  which  may  be  ciliated,  are,  so  far,  oompax&ble  to 
Brachiopods  or  Echinoderms. 

*  *  Untenuchungen  car  Erfor-  Bryosoen."  ('Zeitsehrift  f.  Wiss. 

Bohung      der       Genealogischen  Zoologie/  1870  and  1875.)   Com- 

Grandlage       det      Cnutaoeen-  pare  Sarrois  ('  Comptet  Kendoi,' 

■ystems,'  1876.  187;)). 

t  **  BeittSge  car  Kenntnifs  der 
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IJnfortaiiately,  our  knowledge  of  the  embTjonic  de- 
Telopment  of  the  ectoproctous  Polysoa  does  not  enable  ns 
to  determine,  with  certainty,  the  nature  of  this  periyiflcenil 
cayity  and  of  the  layer  which  botindB  it.  Niteche  shows 
that  the  saccular  cystid,  which  results  from  the  first  de- 
velopmental changes  of  the  embryo  in  the  PhylaetolcBnuUa, 
is  composed  of  two  layers,  which  correspond  with  those  of 
the  endocyst  in  the  adult ;  and,  further,  that  the  polypide 
(aL^mentaiy  canal,  tentacula  and  ganglion)  results  from  an 
ingrowth  of  the  outer  layer  of  the  endocyst,  which  pushes 
before  it  an  involution  of  the  inner  layer.  The  latter  gives 
rise  to  the  reflected  '  peritoneum.' 

But  I  am  not  aware  that  there  is  any  evidence  which 
proves  conclusively  the  manner  in  which  these  two  layers  of 
the  embryonic  endocjrst  take  their  origin,  or  with  what 
layers  of  the  ordinary  embryo  they  are  homologous.  If 
we  make  the  ordinary  assumption  that  the  inner  or  peri- 
toneal layer  of  the  endocyst  is  the  partial  or  complete 
homologue  of  the  hypoblast  in  other  animals,  it  follows 
that  the  perivisceral  cavity  of  the  Eetaproeia  is  really  an 
enteroccele,  as  it  is  in  the  Braehiopoda,  The  only  other 
alternative  appears  to  be  the  supposition  that  the  inner  layer 
of  the  endocyst  is  a  mesoblast,  differentiated  from  the  germ 
earlier  than  the  hypoblast ;  in  which  case  the  perivisceral 
cavity  will  be  a  schizocoele. 

Dr.  Jhering's  work  on  the  nervous  system  of  the  MoUtuect^ 
to  which  I  have  already  referred,  contains  a  number  of 
valuable  anatomical  details,  and  especially  gives,  a  better 
account  of  the  structure  of  the  nervous  system  of  Chiton, 
than  has  hitherto  existed.** 


*  In  addition  to  a  great  Tsriety 
of  snrprisinff  phylogenio  specu- 
lations, Br.  JheriDff  pots  forward 
the  noTel  morphologioal  views, 
that  the  respiratory  sac  of  the 
Pulmonata  (^Nephropnemtiay  Jher- 
ing)  is  morphologically  a  sort  of 
uniiary  bladder,  and  that  the 
ganglia  whence  the  ann^nerves 
of    Uie    C^fhakpoJa    arise    are 


cerebral  and  not  pedal.  The 
arms  are  thus  i>arts  of  the  head, 
and  only  the  funnel  represents 
the  foot  of  Grasteropods. 

I  do  not  presume  to  rebel 
asainst  the  authoritative  censure 
of  my  memoir  on  the  *  Mor- 
phology of  the  Mollnsca,'  pub- 
fished  now  five-and- twenty  years 
ago,  which  is  pronounced  by  Dr. 
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Th^re  is  no  inyertebrated  animal  at  present  knovn, 
which  cannot  at  once  be  referred  to  one  or  other  of  the 
natural  orders  which  haye  been  discussed  in  the  preceding 
pages.  The  next  question  which  arises  is,  how  far  are  these 
groups  susceptible  of  arrangement  into  ass^oibla^ee  of  a 
higher  order,  distinguished  from  all  others  by  certain 
common  characters  P 

It  is  uniyersaUy  admitted  that  the  Jtweeto,  Myriapoda, 
Arachnida,  Crustacea,  Pycnogonida,  and  Tarddgrada^  form 
such  an  assemblage,  termed  the  Abth&opoda.,  and  chajac- 
terised  bj  the  segmentation  of  the  body;  the  chitinoos 
cuticula;  the  absence  of  cilia  upan,  or  in,  the  body  at  any 
period  of  life;  the  segmentation  of  the  central  nenroas 
system  and  its  perforation  by  the  g^et :  and  the  presence 
(with  the  possible  exception  of  the  TrUohUa)  of  limbs, 
which,  almost  always,  are  themselyes  subdiyided  into  joints. 
The  reasons  for  including  the  PeripaUdea  in  this  diyision 
haye  been  giyen  in  Chap.  XI. ;  and  though  the  PenioMtomida 
must  be  r^arded  as  hardly  within  the  limits  of  the  defini- 
tion, I  think  that,  taking  into  account  the  strange  modifi- 
cations ^which  are  undergone  by  the  parasitic  Crwiaeea  and 
Arachnida,  it  is  not  needful  to  depart  from  the  ordinary 
practice  of  associating  them  with  the  Arihropoda. 

The  Lamellibranchiata  and  the  Odaniophora  oonstitute 
another  yery  well  marked  diyision,  the  MoiiLUSCA,  the 
characters  of  which  haye  been  discussed  in  Chapter  YUL 

The  proposal  to  separate  the  Polyplacophora  from  the 
Mollusca,  to  which  I  haye  already  referred,  appears  to  me 
to  be  deyoid  of  any  justification.  The  resemblances  between 
certain  Oephyrea,  such  as  Chcetoderma  and  Neomenia,  and 
the  Polyplacophora,  are  accompanied  by  wide  difiTerences ; 


Jhering.  Nevertheless  I  may 
remark  that,  had  he  condescended 
to  pay  attention  to  what  is  said 
respecting  the  flexure  of  the 
intestine  in  Mollusks  in  that 
antiquated  production,  he  would 
not  have  committed  himself  to 
the  publication  of  the  two  dia- 


grams, one  of  a  Cephalcvpod  and 
the  other  of  a  Pteropod,  each 
with  its  alimentary  canal  twisted 
after  a  fashion  of  which  natore 
knows  nothing,  which  ilinstZAtc, 
though  they  hardly  adorn,  pace 
272  of  his  work. 
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and  even  if  these  reaemblanceB  are  to  be  regarded  as  evidences 
of  affinity,  some  considerations,  such  as  the  restriction 
of  the  branchise  to  the  hinder  part  of  the  body,  and  the 
reduction  of  the  foot  in  ChiUmellua,  rather  lead  to  the 
suggestion,  that  ChcBtoderma  and  Neamenia  may  be  ex- 
tremely modified  Mollusks,  allied  to  the  Polyplcicophora. 

As  to  the  supposition  that  the  resemblances  between  the 
NtidCbranehiata  and  the  TurbeUaria  indicate  a  direct  affinity 
between  these  groups,  it'  seems  to  be  forgotten  that  the 
Nvddbranchidta  are  all,  when  young,  unmistakeable  Gkuste- 
ropods  provided  with  mantle  and  sheU.  Their  adult  struc- 
ture is  as  little  evidence  of  any  Turbellarian  affinities  as 
that  of  LemcBa  is  proof  of  its  being  allied  to  the  worms, 
rather  than  to  the  Crtutacea, 

The  Physemariay  the  Por\fera,  the  Hydrozoa,  the  CoraU 
ligena  and  the  Ctenophora  are  obviously  modifications  of  the 
same  fundamental  plan.  I  think  it  is  convenient  to  retain 
the  well-established  name  of  Ccelenierata  for  the  last  three 
orders,  which  are  much  more  closely  related  to  one  another 
than  to  the  other  two.  HaeckeFs  proposal  to  apply 
the  old  name  of  Zoophtta  to  the  whole  division  appears 
to  me  to  be  well  worthy  of  adoption.  The  inconvenience 
of  using  a  term  the  connotations  of  which  have  varied 
somewhat  widely  since  it  was  first  invented,  is  probably 
less  than  that  which  would  attend  the  invention  of  a  new 
name. 

The  Monera,  Foraminifera,  Heliozoa,  Badiolaria,  ProtO" 
pUuta,  Ghregarinida,  CataUada  and  Infusoria,  (Opcdinina, 
Ciliata,  Tentaeulifera,  Fktgellata),  again,  are  so  closely  united 
together  that  the  difficulty  is  to  distinguish  the  loss  diffe- 
rentiated forms  of  each  from  one  another.  They  consti- 
tute the  division  of  the  Protozoa,  the  common  characters 
of  which  have  been  given  in  Chapter  II. 

If  there  were  no  invertebrated  a-TiiTnala  beside  those  in- 
cluded under  these  four  divisions  of  Abthbopoda,  Mol- 
liTJSCA,  ZooPHTTA,  and  Pbotozoa,  the  task  of  classification 
would  be  very   easy,  and  each  of  the  higher  divisions 
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would  be  sliarply  defined  from  the  otheis.  Bat  a  Tast 
residatim  remams  to  be  considered;  and  it  is  witii  ilk: 
attempt  to  arrange  these  residual  orders  into  higher  gronps 
that  the  difficulties  of  the  Taxononust  oommenoe. 

The  PohfchcBta  and  the  Oligoehceta,  the  Hirudinea  and  the 
Oephyrea,  resemble  one  another  generally  in  the  aegmenta- 
tion  of  the  body,  indicated  at  least  bj  the  seriaUy  mnlti- 
gangliate  nervous  centres  ;*  in  the  presence  of  cilia  and  d 
segmental  org^ans;  and  in  the  nature  of  the  larrie  which 
are  set  free,  when  their  embryos  are  hatched  in  an  earlj 
stage  of  deyelopment.  And  although  no  one  of  these  cha- 
racters is  of  universal  occurrence  (cilia,  for  example,  bemg 
absent  in  most  adult  Hirudinea),  yet  they  are  found  in 
such  association,  that  the  accepted  arrangement  of  these 
four  groups  (to  which,  though  not  without  some  heaitatiozL 
I  add  the  Mytotiofnata),  into  the  division  of  the  Ahvsijda 
is  undoubtedly  very  convenient. 

The  Tremaioda,  the  TurbeUcuria,  and  the  BoHfera^  foim 
another  very  natural  assemblage.  But  it  must  be  admitted 
that  the  highest  forms  of  this  division  are  separated  by  do 
yeiy  sharp  line  of  demarcation  from  the  Annelida  ;  while  the 
simplest  Twhellcuria  are  almost  on  a  level  with  the  Phym- 
maria  and  the  lower  Hydrozoa.  Even  a  Planaria  is  com- 
parable to  a  free  zoophyte;  its  proboscis  may  be  likened 
to  the  hydranth  of  a  Medusa,  the  prolongation  of  tbe 
alimentaiy  sac  to  the  gastro-vascular  canals,  the  oentnJ 
nervous  system,  with  its  lateral  prolongations,  to  the 
marginal  gangUa  and  nerves.  The  water-vascular  system 
and  the  complication  of  the  reproductive  organs,  indeed 
afford  clear  marks  of  distinction ;  but  both  of  these  sjatems 
vary  indefinitely  in  the  degree  of  their  development  within 
the  limits  of  the  TurheUaria. 

On  the  other  hand,  the  connection  of  the  Sirudimea,  hj 
such  forms  as  MdlacdbdeUa  with  the  TurbeUaria  and  TVema- 
toda  is  veiy  close ;  Polygordius  appears  to  be  a  transitioDal 

*  This  character  is  wanting  in  many  respects  towards  the  next 
most  Gqjhj^rea,  which,  as  I  have  division,  and  especially  tovsid 
remariced   at  p.  248,  incline  in       the  RU^era  and  Ntmatori^meU. 
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form  between  the  Thirhellaria  and  the  PoJychoBta ;  while  the 
Rotifera,  in  many  respects,  represent  larval  forms  of  the 
PolyehcBta  and  of  the  G^hyrea. 

Tbe  CestovAea  are  usnallj  regarded  as  anenteroos  Trema^ 
toda,  in  which  case,  of  course,  they  mnst  be  associated  with 
the  latter, 

I  propose  to  establish  a  diyision  of  Tbichoscolices 
for  the  natural  orders  now  enumerated,  in  order  to  dis- 
criminate the  morphological  type  which  they  exemplify 
from  that  of  the  Nematobgouceb,  containing  the  Nema- 
taidea,  which  are  as  remarkable  for  the  univei'sal  absence 
of  cilia  as  the  former  are  for  their  presence ;  and  which  are 
further  so  clearly  distinguished  by  the  arrangement  of  their 
nervous  and  muscular  systems  and  of  their  water- vessels; 
and  by  their  ecdysis. 

The  connexion  between  the  two  divisions  by  way  of  the 
Nemaiorhyneha  and  the  Botifera  is  undoubtedly  very  in- 
timate, and  there  is  almost  as  much  reason  to  an^uage  the 
Nemaiorhyncha  with  the  Triehoscolices,  as  with  the  NemO' 
toseolices.  On  the  whole,  however,  I  think  that,  notwith- 
standing the  cilia  of  the  CkLstrotricha,  the  closest  affinities 
of  the  Nemoitorhyncha  are  with  the  NemaJtoidea,  and  I  there- 
fore place  them  among  the  Nemaioscolices. 

But  I  may  remark,  once  for  all,  that  the  attempt  to 
establish  sharply  defined  large  divisions  of  the  animal 
kingdom  is  futile.  The  progress  of  knowledge  every  day 
renders  it  more  and  more  clear,  that  morphological 
groups  are  comparable  to  distributional  provinces,-  each, 
however  well  marked  may  be  its  characteristic  features, 
shades  off  at  its  margins  into  some  other  group ;  and  the 
object  of  classification  is  simply  to  bring  into  prominence 
the  morphological  types  which  embody  these  characteristic 
features. 

It  appears  to  me  impossible  to  compare  the  structure 
and  the  larval  conditions  of  a  Polyzoon  with  those  of  a 
Brachiopod,  without  arriving  at  the  conclusion  that  they 
are  more  closely  allied  with  one  another  than  they  are  with 

2  z 
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any  third  group.  Neverthelesa,  the  Polyzoa  approach  the 
Bottfera,  and  the  Brachiopoda,  the  Annelida,  on  the  ob« 
side;  while,  on  the  other,  they  present  nnmistakeabk 
affinities  with  the  lower  MoUusca,  At  the  same  time,  the 
weight  of  the  resemblances  between  the  Polyzoa  and  the 
Twnicata,  which  led  Milne-Edwards  to  the  establishment 
of  the  group  of  "  Mollusco'ides  "  (adopted  by  myself  under 
the  title  of  MoUuseoida)  has  been  much  lessened  by  the 
progress  of  investigation. 

I  conceiye  that  we  may  best  keep  these  resemblances  and 
differences  in  yiew  by  associating  the  Polyzoa  and  tlif 
Brackiopoda  into  a  division  apart,  for  which  I  propose  tlie 
name  of  Maulgoscolices  ;  in  order  to  indicate  its  reSa- 
tions  with  the  Worms  on  the  one  side,  and  with  the  MoUusea 
on  the  other. 

The  Tunieata  are  absolutely  distinguished  from  all  other 
inyertebrated  aniTnals  except  Balanoglosmis,  by  the  per- 
foration of  the  pharynx  and  its  conversion  into  a  respira- 
tory organ.* 

At  first  sight  there  appears  to  be  little  ground  for  the 
approximation  of  groups  apparently  so  widely  different  as 
the  TimiccUa  and  the  Enteropneusta.  But  the  extraordinaij 
similarity  in  the  structure  of  the  perforated  pbarynge&I 
sac  in  the  larvsB  of  Tunicates  and  of  Balanogloasus^  is  a  fact 
of  great  morphological  weight.  An  ecaudate  Appendic*- 
laria  of  those  species  which  have  the  alimenta^  can^ 
nearly  straight,  would  be  marvellously  like  a  larval  Balano- 
glo88U8,  which  is  again  little  more  than  a  specially  modified 
Turbellarian.  I  think,  therefore,  that  the  Tunieata  and 
the  JEkieropneusta  may  properly  constitute  a  division  of 

PhAEYNGOPNB  U8TA. 

The  Tunicate  Pharyngopneugta,  with  their  caudate  larvs 
may  be  supposed  to  stand  in  the  same  relation  to  the 

*  I  have  alluded  above  to  the  lead  me  to   oonclade    that   the 

structures  described  b^  Semper  structures  in  question  are  homo- 

In  some  Oligocheeta  and  in  Sabella,  logons  with    either   Yertebrate, 

I  do  not  doubt  the  accuracy  of  Enteropneustal     or       Tanicatr 

the  description ;  but  it  does  not  branchie. 
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Turbellarilorm  Pluxryngopneutiat  as  the  TreTnatoda,  with 
their  cercarif  orm  larvsB,  to  the  Twrhellaria. 

Another  very  well  marked  diyicdon  isthat  of  the  Echino- 
DEBMATA,  the  characteristics  and  relations  of  which  hare 
been  fully  discussed  in  Chapter  IX. 

Although  the  structure  and  development  of  Sagitta  have 
now  been  as  thoroughly  elucidated  as  those  of  any  a-uimal, 
the  proper  Tazonomic  place  of  the  Chcetognatka  is  still  an 
unsolved  problem.  The  issues,  however,  appear  to  be 
narrowed  to  these :  either  they  belong  to  the  Armelida,  or  to, 
the  NematoscoUees,  or  to  the  Trichoscolices ;  or  the  Chosto^ 
gnatha  are  to  be  regarded  as  an  independent  division,  allied 
to  all  these,  and  perhaps  to  the  lower  Artkropoda.  I  am. 
disposed  to  adopt  the  last  view,  chiefly  on  the  ground  of 
the  mode  of  development  of  Sagitta,  which  is  unlike  any<s 
thing  at  present  known  to  occur  in  Annelida,  Trichoacolices, 
Nematoscolices,  or  Arthropoda. 

The  Acanthoeephala  are  hardly  less  anomalous  than  the 
Chcetognatha.  Taking  into  account  the  Gorddcu^a  and  the 
chsuracters  of  the  proboscis  in  the  NematorhyTiclMf  there  is 
undoubtedly  room  for  the  suggestion  that  they  ai'e  specially 
modified  anenterous  Nematoscolices,  and  should  be  classed 
among  the  latter.  But  here,  as  in  the  case  of  the  Cestoidea, 
there  are  many  difficulties  in  the  way  of  accounting  for 
these  anenterous  forms  by  the  supposition  that  they  are 
the  results  of  a  retrogressive  metamorphosis  of  enterate 
animals. 

This  question  of  the  true  relations  of  the  anenterous 
invertebrates — ^by  which  I  mean  not  only  those  which,  like 
the  male  Rotifers,  have  no  functional  alimentary  canal  in 
the  adult  condition ;  but  those  which,  like  the  Cestoidea  and 
the  Acanthoe^halaf  never  exhibit  a  trace  of  an  alimentary 
canal,  even  in  the  embryo ;  which  is  usually  dealt  with  so 
summarily  by  the  assumption  of  retrogressive  metamor- 
phosis, acquires  still  more  importance,  when  we  attempt 
to  determine  the  Taxonomic  place  of  the  Dicyemida, 

2x2 
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Professor  E.  van  Beneden  lias  proved  that  these  panfiites 
cannot  be  dismissed,  aanafa^on,  as  retrogressively  metamor- 
phosed '  worms ;'  and  though  I  am  not  disposed  to  attach 
much  weight  to  the  absence  of  a  mesoderm,  on  which  Yas 
Beneden  insists  as  a  distinction  between  the  Dietfendda  and 
the  MetcLzoa,  the  manner  in  which  the  contents  of  the 
axial  cell  give  rise  to  germs  is  so  completelj  unlike  any- 
thing which  is  known  to  obtain  in  the  MetaMoa,  as,  to  mj 
mind,  to  justify  the  separation  of  the  Dieyemida  from  the 
whole  of  tiiis  diyision.  On  the  other  hand,  the  sinularitj  of 
their  development  to  the  formation  of  metazoic  embryos  by 
epiboly,  as  completely  divides  the  DUyemida  from  all  the 
Protozoa.  It  must  be  recollected  that  the  changes  whidi 
are  undergone  by  the  ciliated  embryos  are  still  to  be  dis- 
covered; but,  provisionally,  I  am  disposed  to  agree  with 
Tan  Beneden,  that  the  Dicyemida  should  be  regaixled  as 
the  representatives  of  a  distinct  division,  the  Mebozoa, 
intermediate  between  the  Protozoa  and  the  MekuBoa.  And 
without  distinctly  pledging  myself  to  any  such  view,  I  yet 
think  it  is  worth  while  to  throw  out  the  suggestion  that 
the  Cedoidea,  if  not  the  AcaTUhoc^halaf  may  be  modifica- 
tions of  the  same  type,  differing  from  the  Dicyemida  in  the 
development  of  a  mesoderm,  but  resembling  them  in  the 
total  absence  of  an  alimentary  apparatus. 

The  Sebial  belations  of  the  Invebtebbata. — ^When 
the  various  groups  of  invertebrate  animals  are  compared, 
it  is  obvious  that  they  present  very  different  d^rees  of 
morphological  complexity ;  whence  tiiey  may  be  considered 
as  terms  in  a  graduated  progression,  in  which  the  place  of 
each  group  corresponds  broadly  with  the  degree  of  its 
differentiation.  The  lowest  Protozoa  will  occupy  one  ex- 
treme of  such  a  progression,  the  Arthropoda  and  the 
Molhuea,  the  other,  while  the  remaining  groups  fall  into 
intermediate  places.  On  attempting  to  carry  out  this  aerial 
arrangement  into  detail,  however,  it  will  be  found  that  no 
single  series  will  suffice  to  express  the  facts,  but  that 
starting  from  the  lowest  Protozoa,  we  are  led  along  various 
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lines,  none  of  which,  aa  far  as  our  present  knowledge 
enables  us  to  judge,  can  be  traced,  wi^out  intmmption, 
throughout  the  whole  length  of  the  soale. 

If  we  assume,  in  the  absence  of  proof  to  the  contrary, 
that  the  Monera  have  the  simplicity  of  structure  ascribed 
to  them  by  Haeokel ;  then,  on  comparing  the  EndopkuMea 
with  the  Monera^  the  different  groups  of  the  former  appear 
to  be  related  to  those  of  the  latter  division,  as  if  they  were 
similar  forms  complicated  by  the  addition  of  one  or  many 
nudeL  PrcAogeneM  may  thus  be  considered  as  the  root  of 
the  Foraminiferal  series,  Protcmalba  of  the  Frotoplagta, 
MyguLdrvm  ci  the  QregarvnickB,  Vampyrella  of  the  Heliozoa, 
Proiomonaa  of  the  I^agelUUa.  A  Moneran,  ciliated  over  its 
-whole  surface,  which  might  stand  in  the  same  relation  to 
the  OpcUinina,  (McMaek^,  TentaeuUfera,  and  CiUatci,  is  at 
present  unknown.  The  Prciotoa  thus  fall  into  the  following 


series:— 


Fbotozoa. 


I. 
Proiogenes. 

Foromwwifera. 


n. 

Proiam43Bba, 


in.  IV. 

MyxaeinmnH,    VampyreUa. 
OregarinidcB,     Heliozoa. 

I 


T. 

f 

Tentcteu^fera 


VL 
? 


vn. 

Protomonas, 


Opaiinina, 
aiiaia. 


FlOQi 


makk, 


1  am  unable  to  trace  any  one  of  these  series  of  modifica- 
tions further ;  that  18  to  say,  to  find  forms  which  actually 
bridge  over  the  interval  between  any  one  of  them  and  the 
Metastoa,  though  it  is  easy  enough  to  imagine  what  such 
forms  might  be.  The  spheroidal  free-swimming  monad 
aggregates,  such  as  VveUa  and  Polyioma,  and  MagoaphcBra 
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itself,  are,  in  many  respectSy'oomparable  to  Fhyaemarian  csr 
Porif  eran  embryos ;  while  an  animal  Volvox  would  be  a  sort 
of  x>ermanent  vesicnlar  momla.  So,  one  of  the  higher 
Infusoria,  if  it  became  mnltinncleate,  like  an  OpaUna, 
would  approach  the  lowest  TwrbeUaria, 

The  axial  cell  of  a  Bicyemoky  from  the  pxx>iop1a8m  of 
which  its  ciliated  and  non-ciliated  germs  are  prodnced,  is, 
to  a  certain  extent,  comparable  to  the  capsule  of  a  Radio- 
larian;  while,  on  the  other  hand,  a  Badiolanan  with  a 
mnltinncleate  cortical  layer  would  approach  the  stractnre 
of  Dicyema.  And  if  what  is  at  present  known  of  XKeyesM 
gives  a  just  conception  of  the  essential  points  of  its  entire 
history,  it  undoubtedly,  as  E»  Tan  Beneden  has  smggested. 
represents  a  type  intermediate  between  the  Protosoa  and 
the  Metazoa,  though  it  can  hardly  be  said  to  fill  up  the 
hiahis  between  them. 

In  our  further  search  after  the  serial  relations  of  aniTnalgj 
we  must  therefore  start  afresh  from  the  lowest  Meiazoa, 
Here  «  Zoophytio  Sbbies  is  very  well  marked;  com- 
mencing with  the  Physemaria,  and  thence  diverging,  <fa 
the  one  hand,  to  the  Poriferaf  and,  on  the  other,  to  the 
Ccelenterata,  with  the  highest  forms  of  which  this  aeries 
conies  to  an  end. 

A  second  g^radation,  which  may  be  termed  the  Aknui/>id 
Sbbij^s,  is  represented  by  the  OMihomiolices  and  the  AnneUda. 
The  lowest  Twrhellaria  are  upon  nearly  the  same  lerel  cf 
organisation  as  the  Hydrosoa.  It  would  be  hard  to  dis- 
tinguish an  aproctous  Turbellarian,  devoid  of  a  ganglion 
and  water- vessels,  from  a  free-swimming  non-tentacnlate 
Hydrozoon.  On  the  other  hand,  as  I  have  already  pointed 
out,  the  line  of  demarcation  between  the  higher  TricboscO' 
lices  and  the  Annelida  is  very  indistinct,  and  we  may  expect 
it  to  be  speedily  obliterated  by  the  progress  of  discoveiy. 

A  third  gradation  is  constituted  by  the  NefmaiascfiUoes  and 
the  Arthrapoda.  The  lowest  Nemaioidea 'poaaeaa  no  higher 
organisation  than  the  lowest  TurheUaria  and  the  Bd'tfera, 
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The  Nenudorhyncha,  whether  they  are  really  transitioiULl 
forms  between  the  Nemaioidea  and  the  Arthropoda  or  not, 
skt  any  rate,  indicate  the  road  by  which  the  transition  may 
l^e  effected;  and  I  am  much  inclined  to  think  that  the 
ChceiogTuUha  may  occupy  a  place  in  this  series.  The  oral 
axmature  of  SagUta  may  be  regarded  as  a  modification  of 
the  oral  spines  of  JBchinoderes,  and  its  nervous  system  is 
CIS  much  Arthropodal  as  is  that  of  the  PefUasUnrdda,  This 
may  be  called  the  Abthbozoic  Sbbieb. 

A  fourth  series  is  that  which  I  shall  term  the  Mala.- 
cozoio  Sbbieb.  It  includes  the  MaJacoseoliees  and  the 
3folluaca.  The  entoproctous  Polyzoa  form  the  lowest  term 
of  this  series.  The  resemblances  of  the  Polytoa  with  the 
JtoHfera  {e,  g.  with  Stephanoceros)  have  often  been  remarked, 
and,  indeed,  insisted  upon,  with  too  little  regard  to  the  differ- 
ences which  are  established  by  the  water-vessels  and  the 
peculiar  pharyngeal  armature  of  the  Botifei*s.  Neverthe- 
less, these  resemblances  are  important  as  far  as  they  go, 
and  in  grade  of  organisation  the  two  groups  are  much 
upon  the  same  level.  On  the  other  hiojid,  the  comparison 
of  a  Polyzoon  with  a  larval  Lamellibranch  ot  Gasteropod,  or 
vdth  a  Pteropod,  leaves  no  doubt  in  my  mind  that  the 
MakuMacoliees  have  the  same  relation  to  the  MoUvaca,  as  the 
Tricho9coliees  to  the  Annelida, 

A  fifth  gradation  is  presented  by  the  Ihmicaia  and  the 
Enteropneuata,  which  constitute  the  Phabyngopnbustal 
Sbbieb.  I  do  not  regard  the  Enteropneusta  as  of  distinctly 
lower  organisation  than  the  Tumcata,  but  rather  as  a 
collateral  group ;  and  I  conceive  it  to  be  probable  that  some 
lower  forms,  connecting  tiie  Emteropneuata  and  the  Tumcaia 
with  one  another  and  with  the  Trichoseolicea,  will  yet  be 
found*  However  this  may  be,  Appendicularia  presents  a 
grade  of  organisation  but  little  higher  than  that  of  the 
Polyzoa, 

A  sixth  gradation  is  represented  by  the  Echinodbbmal 
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BraiBB.  Like  the  foregoing,  this  serieB  at  present  standi 
isolated,*  no  annectent  f  onns  between  the  Echinodemis  and 
higher  or  lower  groups  being  known.  On  the  ground  of 
the  tmifonnity  of  character  of  the  Uutsb  of  the  Echino* 
derms,  however,  there  can  be  little  donbt  that,  if  ever  such 
forms  are  discovered,  they  will  prore  to  be  allied  to  Urn 
Oepkyrea,  the  Trichosealioes  and  the  Snteropneutta, 

Thns  the  stady  of  the  gradations  of  slruoUure  amomg  the 
MetoMoa  leads  to  the  conclusion  that  they  fUl  into  ax 
series,  which  may  be  arranged  in  the  f oUowing  tabukr 
Bhape:— 

Sbsies. 

L  11.  m. 

ZOOFHTTIC.        ECHINODBBMAL.         FHABTKOOPVXITBTAL. 

CcBlenieraia.  Echinoderftiaia.  JEhderopneuda.  TumoaUL 
Phyiemana, 


IV. 
Malagozoic. 
MoUtuca. 


V. 
Annuloid. 
Annelida, 


MalacoacoUcea.      Triehoseolice9, 


VI. 

A&THBOZOIC. 

Arthropoda, 
Cluetognaiha  (Fi. 
NenudoeeoUees. 


The  lowest  known  term  of  the  Arthrozoic  series  is  a 
Nematoid  worm;  that  of  the  Annuloid  series  is  a  low 
TurbeUarian  or  Botifer;  that  of  the  Malaoozoic  series  is 
an  entoproctons  Polyzoon ;  that  of  the  Fharyngopmeostii 
series  is  probably  most  nearly  exemplified  by  the  yoimg 
larva  of  BaJcmoglosmu ;  that  of  the  Echinodennal  aeries 
by  the  vermiform  EchinopcBdvwm. 

Bnt  the  differences  between  one  of  the  simpler  Nematoid 
worms,  an  aproctous  ToibeUarian,  a  Botif  ^ ,  an  Ecdiino- 
pffidinm  and  a  PedieeUina,  are  relatively  so  small,  that 
all  six  series  may  be  said  to  converge  towards  a  common 

*  I  eay,  at  present,  inasmuch  vermifoim  of  the  EchloodoBH 
as  the  characten  of  the  nervous  from  the  moat  R^higjwifffmJik* 
Sj^stem  sharply  separate  the  most       G^tfyrea, 
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form;  and  that  common  form,  when  the  special  characters 
of  each  group  are  eHminated,  and  the  alimentary  canal  is 
reduced  to  its  primitiye  aproctous  condition,  would  be 
exceedingly  similar  to  a  Physemarian. 

Hence  the  consideration  of  the  gradations  of  structure 
which  are  presented  by  the  various  series  of  Invertebrated 
animals,  irresistibly  leads  to  the  conclusion  that  the  whole 
of  the  Mekuoa  may  be  conceived  as  diverse  modifications 
of  a  common  fundamental  plan. 

Thb  Sbbial  Beultions  of  thb  Invbbtbbbata  com* 

PABBD  WITH  THB  BB8ITLT8  OF  EmBBYOLOOY. — The  concep- 
tion of  the  unity  of  organisation  of  the  Invertehrata  thus 
reached,  so  far  as  it  is  based  upon  the  comparison  of  adult 
structures,  is  purely  ideal ;  and  the  study  of  the  development 
of  individual  animals  is  alone  competent  to  decide  the 
question  whether  this  ideal  unity  has  a  foundation  in  ob- 
j ecti ve  fact.  But  the  history  of  the  development  of  animals 
appertaining  to  every  group  of  the  Iwvertehrata  which  has 
been  given,  bears  out  the  statement  which  is  made  in  the 
Introduction  that  the  ideal  unity  has  such  a  foundation 
in  fact;  inasmuch  as  all  these  animals  commence  their 
existence  under  the  same  form ;  that  namely  of  a  simple 
protoplasmic  body,  the  ovum  or  germ. 

In  the  Introduction  I  have  said  that  "  among  the  lowest 
forms  of  animal  life,  the  protoplasmic  mass  which  represents 
the  morphological  unit  may  be,  as  in  the  lowest  plants, 
devoid  of  a  nucleus  "  (p.  12).  However,  as  I  have  remarked 
at  the  commencement  of  this  chapter,  until  the  search  for 
the  nucleus  has  been  instituted  afresh,  with  the  help  of 
such  methods  as  have  recently  proved  its  existence  in  the 
Forcuminiferci,  I  think  it  will  be  wise  to  entertain  a  doubt 
whether  any  of  the  Monera  are  really  devoid  of  this  amount 
of  structural  differentiation ;  and  the  tendency  of  recent  in- 
vestigations appears  to  render  it  very  questionable  whether 
the  nucleus  of  the  ovum  ever  really  disappears,  whatever 
may  be  the  modifications  undergone  by  the  germinal  vesicle 
and  its  contents.    I  shall,  therefore,  assume  provisionally. 
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thaX  the  primary  form  of  every  animal  is  a  nncleated  proto- 
plasmic body,  cytode,  or  cell,  in  the  most  general  aooeptati<» 
of  the  latter  term. 

Whether  the  primary  cytode  possesses  a  nudeos  or  not 
the  important  fact  remains,  that  in  its  earliest  conditioiL 
every  invertebrated  animal,  if  it  were  competent  to  lead  an 
independent  ezistence,  would  be  classed  among  the  JFVotozoa. 

The  first  change  which  takes  place  in  the  development 
of  the  embryo  from  the  primitive  cytode,  or  impregnated 
ovnm,  in  all  the  Metazoa,  is  its  division ;  and  the  simplest 
form  of  division  results  in  the  formation  of  a  spheroidal  or 
discoidal  mass  of  equal,  or  sub-equal,  derivative  cytode;  the 
blastomeres.  Next,  the  morttJa,  thus  formed,  generallj 
acquires  a  central  cavity,  the  hUutoccde,  and  becomes  a 
hollow  vesicle,  the  hhutoaphere,  the  wall  of  which,  composed 
of  a  single  layer  of  blastomeres,  is  the  hlatioderm. 

The  blastomeres  of  the  blastoderm  next  undergo  differ- 
entiation  into  two  kinds,  distinguished  by  their  internal 
activities,  if  not  by  their  outward  form.  Of  these  the  one 
set  constitute  the  epibUui,  the  others  the  kt^fobkuL  The 
further  changes  of  the  embryo  are  the  consequences  of  the 
tendencies  towards  further  modification  resident  in  ihe 
epiblastic  and  hypoblastic  blastomeres  respectively.  Each 
of  these  is,  as  it  were,  a  germ,  whence  certain  parts  of 
the  adult  organism  will  be  evolved. 

Every  series  of  the  Iwoertehrata  has  now  yielded  a  number 
of  examples  of  the  further  modification  of  the  blastosphere 
by  the  process  of  invaginaUon,  or  emboly,  the  result  c^ 
which  is  that  the  hypoblast  becomes  more  or  less  com- 
pletely enclosed  within  the  epiblast.  The  invagination  is 
accompanied  by  the  diminution,  or  even  abolition,  of  tbe 
blastoccele,  and  the  formation  of  a  cavity  enclosed  within 
the  hypoblast,  which  is  the  archenteron  or  primitiTe  ali- 
mentary cavity.  The  opening  left  by  the  approximated 
edges  of  the  epiblast,  when  the  process  of  invagination  is 
completed,  and  by  which  the  archenteron  communicatee 
with  the  exterior,  is  the  blastopore.  In  this  state  the  embryo 
is  a  gastrtUa, 
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It  very  commonly  happens  that  the  process  of  development 
is  modified  by  an  inequality  in  the  size  of  the  blastomeres ; 
-which  inequality  may  be  manifest  from  the  bisection  of 
the  ovnm,  or  may  appear  later.  In  this  case,  it  usually 
happens  that  the  smaller  and  more  rapidly  dividing  blasto- 
meres belong  to  the  epiblast,  and  the  larger  and  more  slowly 
dividing  to  the  hypoblast.  Moreover,  no  blastocoole  may 
arise,  and  the  process  of  inclusion  of  the  hypoblast  within 
the  epiblast  may  have  the  appearance  of  the  growth  of  the 
latter  over  the  former,  or  what  is  termed  epiboly;  while 
the  archenteron  mft>y  not  be  formed  within  the  hypoblast 
till  very  late. 

When,  in  cases  of  epiboly,  the  blastoderm  is  small  in 
relation  to  the  vitellus,  the  epiblast  and  hypoblast^  at  their 
first  appearance,  necessarily  adapt  themselves  to  the  surface 
of  the  yelk ;  and  thus  the  gastrula,  instead  of  having  the  form 
of  a  deep  cup,  becomes  more  or  less  flattened  and  discoidal. 

I  am  inclined  to  believe  that  all  the  various  processes  by 
which  the  gastrula  or  its  equivalent  are  produc^,  are  re- 
ducible to  epiboly  and  emboly.  Even  when  the  epiblast 
and  the  hypoblast  appear  to  be  formed  by  delamitiaMon, 
or  the  splitting  into  two  layers  of  cells  of  a  primitively 
single-layered  blastoderm,  there  seems  little  doubt  that 
what  happens  is,  either  the  very  early  inclusion  of  the 
hypoblastic  blastomeres  within  those  which  give  rise  to 
the  epiblast ;  or  a  very  late  and  inconspicuous  ingrowth,  or 
invagination,  of  the  hypoblastic  region  of  the  blastoderm. 

If  we  employ  the  term  gastrula  in  the  broad  sense 
defined  above,  it  may  be  truly  said  that  every  metazoon 
passes  through  the  gastrula  stage  in  the  course  of  its 
development.  The  question  whether  the  mode  of  develop- 
ment of  the  gastrula  by  emboly  is  primitive,  and  that  by 
epiboly  secondary;  or  whether  epiboly  is  primary  and 
emboly  secondary;  or  whether  the  two  processes  have 
originated  independently,  is  of  secondary  importance,  and 
belongs  to  the  debateable  ground  of  phylogeny.* 

*  Compare  Haerkel,  "Stadien  zat  Gastnea-theorie,"  in  his  *  Biolo- 
gi8cha8tndien,'1877. 
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The  meaning  of  the  differentiation  of  the  aggr^ate  d 
cytodes,  of  which  the  body  of  a  simple  metazoon  is  coo- 
posed,  into  a  hypoblastic,  or  endodermal,  and  an  epi- 
blastic,  or  ectodermal  group  is  to  be  songbt  in  the 
phjTsiological  division  of  labour,  which  is  the  primsry 
sonroe  of  morphological  changes.  It  is  a  separation  of  the 
aggregate  of  morphological  units  into  one  set  with  a 
specially  nutritiye,  and  another  set,  with  a  specially  motor 
and  protective,  function.  It  is  quite  possible  to  ooncm 
of  an  adult  metazoon  having  the  structure  of  a  spong? 
embryo ;  moving  by  its  ectodermal  hemisphere,  and  feeding 
by  its  endodermal  hemisphere. 

The  next  advance  in  organisation  of  such  a  metaaoon 
would  doubtless  consist  in  the  more  complete  extension  d 
the  protective  layer  over  the  nutritive  layer,  with  due  pro- 
vision for  the  access  of  the  surrounding  medium  to  the 
latter.  It  is  obvious  that  this  advance  might  be  effected 
in  either  of  two  ways ;  the  one  by  emboly,  the  other  hj 
epiboly.  In  the  former,  the  blastopore  would  be  left  ai 
the  aperture  of  communication  of  the  endoderm  with  the 
exterior;  and  the  result  would  be  the  formation  of  aa 
arcluBogtomaious  gastrtda,  such  as  that  which  is  supposed  bj 
Haeckel  to  be  the  primitive  form  of  the  metazoon.  In  the 
latter,  the  blastopore  would  completely  dose  up,  and  s 
new  aperture  or  apertures  must  be  formed  in  the  ectoderm 
to  subserve  the  ingestion  of  nutriment.  The  resulting 
organism  would  be  a  deuterostomatoua  gastrula. 

IJudoubtedly  it  seems  natural  to  suppose  that  the  first 
process  preceded  the  second,  in  order  of  evolution ;  but  the 
proof  that  it  did  so  is  at  present  wanting.  And,  however 
this  may  be,  the  progress  of  inquiry  seems  to  throw 
more  and  more  doubt  upon  many  cases  of  the  supposed 
persistence  of  the  blastopore  as  the  mouth.  It  is  certain 
that,  in  the  great  majority  of  invertebrated  animals,  the 
blastopore  either  becomes  the  anus  or  closes  up;  and 
renewed  observations  are  needed  to  determine  the  limits 
within  which  the  archseostomatous  condition  prevails. 

The  blastocoele  of  the  gastrula  may  be  obliterated  by  the 
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approximation  of  the  epiblast  and  the  Hypoblast,  or  it  may 
persist  and  constitute  the  jpm-6»tero»,  or  primitive  peri- 
visceral cavity. 

Those  animals  which,  in  their  adult  condition,  most 
nearly  represent  simple  gastmlsB  with  obliterated  blastocoele, 
are  the  Phyaemaria  and  Hydra ;  cup-shaped  bodies  with  an 
oval  opening  at  one  end,  the  walls  of  which  are  made  up 
simply  of  an  ectoderm  and  an  endoderm.* 

In  the  great  majority  of  the  Metauoa,  a  further  advance 
in  complication  is  effected  by  the  appearance,  between  the 
epiblast  and  the  hypoblast,  of  cytodes,  either  isolatedly  or 
in  a  continuous  layer,  which  constitute  the  mesoblast,  and 
eventually  are  converted  into  mesodermal  structures.  The 
origin  of  these  is  still  a  matter  of  doubt,  but  in  many  cases 
it  appears  to  be  unquestionable  that  they  are  derived  from 
the  hypoblast. 

The  perienteron,  more  or  less  interrupted  and  broken 
up  by  the  constituents  of  the  mesoblast,  may  give  rise 
directly  to  the  perivisceral  space,  or  channels,  of  the 
adult,  which  thus  constitute  a  schiaoeode.  It  is  hardly 
doubtful,  I  think,  that  the  perivisceral  cavity  takes  its 
origin  in  this  manner  in  the  Botifera,  the  entoproctoua 
Polyzoa,  the  Echinopflodia  of  the  Echinoderms,  the  TunU 
cata,  and  the  Nemaioidea. 

On  the  other  hand,  in  many  Invertehraia,  one  or  more 
diverticula  of  the  archenteron  extend  into  the  perienteron 
and  its  contained  mesoblast.  Sometimes,  as  in  the  CiBlen- 
tercUa,  these  remain  connected  with  the  alimentary  cavity 
throughout  life,  and  are  termed  gastrovascular  canals.  In 
other  cases  (EchinaderTnctta,  Brachiopoda,  Chcetognatha)  they 
become  shut  off ;  their  cavities  constitute  a  variously  modi- 
fied efUeroccele ;  and  their  walls  give  rise,  along  with  the 
primitive  mesoblastic  elements,  to  the  mesoderm. 

To  which  of  these  two  possible  sources  of  the  mesoderm, 
the  mesodermal  structures  of  the  Annelida  and  the  ArthrO' 
poda,  which  so  very  generally  take  on  the  form  of  two 

*  I  do  not  think  that  KIeinenberg*s  fibres  in  JJydra  strictly  rqiresent 
8  metoderm,  though  they  occupy  the  position  of  one. 
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longitadinal  germ-baaidB  in  the  embryo,  and  sabseqaentlT 
undergo  segmentation,  are  to  be  referred,  is  a  verj  interestr 
ing,  but,  as  yet,  unsolved  problem.  It  is  possible  that  thej 
are  solid  representatives  of  the  hollow  diyerticiil&  whidi,  in 
other  animals,  give  rise  to  the  enteroooele;  in  which  case,  the 
perivisceral  cavity  in  these  animals  will  be  a  viitnal  entero- 
coele.  On  the  other  hand,  they  may  merely  repireeeiit  th« 
cells  of  the  mesoblast  of  the  entoproctons  Pohftoa  and  of  the 
EchinopsBdia,  and  their  perivisceral  cavity  would  thcai  be  a 
schizoooBle.  But  it  is  needless  to  pursue  this  topic  farther; 
enough  has  been  said  to  show  conclusively  that»  howerer 
different  one  invertebrated  animal  may  be  from  another, 
the  study  of  development  proves  that  each»  when  tnced 
back  through  its  embryonic  states,  approaches  the  earlier 
stages  of  all  the  rest ;  or  in  other  words,  that  all  start  from 
a  common  morphological  type,  and  even  in  their  ^xtvemeit 
divergence  retain  traces  of  their  primitive  unity. 

It  is  very  importaBt  to  remark  that  these  m<»phoiogical 
generalisations,  so  far  as  they  axe  correctly  made,  are 
simple  statements  of  fact,  and  have  nothing  to  do  with  any 
speculations  respecting  the  manner  in  which  ihe  inverte- 
brated animals  with  which  we  are  acquainted  have  come 
into  existence.  They  will  remain  true,  so  far  as  i^ej  are 
true  at  all,  even  if  it  should  be  proved  that  eveiy  animal 
species  has  come  into  existence  by  itself  and  without 
reference  to  any  other.  On  the  other  hand,  if  there  are 
independent  grounds  f €>r  a  belief  in  evolution,  the  facts  of 
morphology  not  only  present  no  difficulty  in  the  way  of  the 
hypothesis  of  the  evolution  of  the  IwoerMHraia  from,  a 
common  origin,  but  readily  adapt  themselves  to  it. 

Hence  the  numerous  phy logenic  hypotheses  which  have  of 
late  come  into  existence,  and  of  which  it  may  be  said  that 
all  are  valuable,  so  far  as  they  suggest  new  lines  of  in- 
vestigation, and  that  few  have  any  other  significanca. 
do  not  desire  to  add  to  the  number  of  these  hypotheses ; 
and  I  will  only  venture  to  remark  that,  in  the  absence  of 
auy  adequate  pal»ontological  history  of  the  InoerUbraUi, 
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any  attempt  to  constmct  their  Ph jlogenj  must  be  mere 
speculation. 

But  the  oldest  portion  of  the  geological  record  does  not 
f umiBh  a  single  example  of  a  fossil  which  we  have  any 
reasonable  grounds  for  supposing  to  be  the  representatiye 
of  the  earliest  form  of  any  one  of  the  series  of  invertebrated 
animals ;  nor  any  means  of  checking  our  imaginations  of 
what  may  have  been,  by  CTidence  of  what  has  been,  the 
early  history  of  invertebrate  life  on  the  globe. 

Already,  indications  are  not  wanting  that  the  yast  multip 
tu.de  of  fossil  Arthropods,  Mollusks,  Echinoderma,  and 
Zoophytes  now  known  will  yield  satisfactory  evidenoe  of 
the  filiation  of  successive  forms,  when  the  investigationB  of 
palcBontologiste  are  not  merely  actuated  by  the  desire  to 
discover  geological  time-marks  and  te  multiply  species,  but 
are  guided  by  that  perception  of  the  importance  of  mor- 
phological facte  which  can  only  be  conferred  by  a  large  and 
thorough  acquaintance  with  anatomy  and  embryology. 
But,  under  this  aspect,  the  palseontology  of  the  In/vertehraia 
has  yet  to  be  created. 


2  T  2 


INDEX. 


■*o^ 


Abdomiv  AUA,  299. 
AbioeenesiSi  35. 
AbioTogical  soiencea,  1. 
Acaothobdella,  214. 
Acanthocephala,  646,  675. 
Acanthoteuthis,  542. 
Aoarina,  382. 
Achetidin,  440. 
Achtheres,  276. 
Acinet*  mystacina,  101. 
AeioetsB,  95,  100,  101, 107-109. 
Acndidee,  439. 
Actinia,  53,  156, 173. 

holaatica,  153. 

Aetinidfle,  155,  156,  162. 
Aetinophrys,  87,  91, 100. 
AotinosphsBrium  Eiohhomii,  87, 

90  91. 
ActinoMM,  56^  56,  120,  152,  162, 

166, 168. 
Actinala,  146. 
iEginidsB,  151. 
.£uialiiim  septicum,  5. 
iEtiology,  9,  35. 
AgamogenesiB,  27,  31.  445. 
Aglaophenia  (Plumularide),  131. 
Air-breathing  Arthropoda,  371. 
Alaorina,  176. 
Albertia,  192. 
Alcippe  lampas,  300. 
Alcyonium,  159. 
Alectoromorphse,  72. 
Alge,  7,  14,  29,  105. 
Alimentary  apparatus,  56. 
AUantoiB,  69. 
Alternation  of  generations,  33, 

69. 
Ambulaeral  yeeseb,  53. 
AmetaboUk  419. 
Ammonitioey  536. 


I 


Ammothea  pyonogonoidM,  384. 

Amnion,  69. 

Amceba  radioes^  91. 

— —  ■phsroeoocaa,  92. 

AmoBbae,  5,  91,  92,  111. 

Amooroucium  proUferam,  614. 

Amphibia,  59,  60,  65,  72,  92. 

Amphidiscos,  117. 

Amphidotoa  cordatnSy  573. 

Amphiozus,  58,  60. 

Amphipoda,  362. 

Amphitb5e,  359. 

AmpuUaria,  61. 

Anatomy,  9, 10. 

Anenterous  invertebrates,  675. 

Anguillala  brevispinus,  637. 

^— -  seaodens,  643. 

Animals,  oharacten,  42 ;  morpho- 
logy* *6;  physiology,  54; 
natural  orders,  657. 

Anisonema,  96. 

Annelida,  27,  51-68,  186,  191, 
218,  234,  235,  242,250,  485,672, 
678,  685. 

Annuloid  series,  678. 

Annulose  difTerentiatioii,  51. 

Anodonta,  473,  474, 479, 4M^I86. 

Anomia,  478,  486. 

Anomura,  338,  340. 

Anthophysa,  96. 

Antinophrys  Eichbomii,  5. 

Antipathidss,  162,  163. 

Aphis,  33,  34,  442-446. 

pelaivonii,  423. 

Aphroditidas,  239. 

Apoda,  299. 

Aporosa,  163,  164,  167,  168, 171, 
172. 

Appendages,  14. 

Appendicularia,  52,  57,  595, 674. 

flabellum,  596. 
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CaryophylJKiB,  806. 

Catailaota,  94,  109,  671. 

Caolerpa,  47. 
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Colpoda,  63,  103, 106. 
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Contractile  tissue,  25. 

vacuole,  76. 
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CrocodUia,  21. 
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Cyamus,  362. 
Cyan»a,  33. 
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Cymothoa,  363. 
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Cynthia,  346. 
Oypraa  £arop8M,  489. 
Cypris,  28d-2<K). 
Cystic  worm,  21 1. 
Cysticercas,  209,  211. 
Cystidea,  593. 
Cy  there,  288,  289. 
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Daphnia,  283, 284. 
I>ecapoda,  540. 
Deep-sea  fauna,  22,  70, 84^  85» 
Dendroccela,  180. 
DentaUdse,  501,  503. 
Dentalium,  492. 
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Dic>ema,  678. 
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Diphyoxooid,  139, 145. 
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Dipnoi,  61. 

Diporpa,  30,  206. 
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DLstoms,  202. 
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Dog-ioDBe,  212. 
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Doliolom,  600,  605,  616. 

denticalatom,  618. 
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Drmgon-fliee,  258. 
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Eabtbwoui,  219. 
Echeneibothrium,  212. 
Echinidea,  56,  543^  566. 
EcMnoooccus,  209. 

veterinorum,  210. 

Ecbinoderes,  193. 
Eohinodermal  series,  679, 680. 
Ecbinodermata,  22,  34,  53-56, 
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Eehinoida,  570. 
Echinopedinm,  54, 544,  561,  590, 
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Ecbinorhynchus,  646. 
Echinns,  567. 

sphisra,  568,  569. 

Ectoderm,  56. 

Ectoprocta,  458,  668, 669. 

Ectosaro,  78. 

Edrioasterida,  594. 

Edriophthahnia,  358, 359. 

Elytron,  231. 

Embryology,  41,  49,  681. 

Empusa,  43. 

Eudoparasites,  206. 

Endoplast  46,  77. 

Endoplastica,  76,  87. 

Endoproeta,  668. 

Endosarc,  78. 

Endostyle,  597. 

Enteropneusta,     60,     629,    674, 

679. 
Entoconoha  mirabilis,  513. 
Entogastrio     gemmation,      150, 

664. 
Entomostraca,  256,  266. 
Entoprocta,  458. 
Eoiooa,  75. 
-^->  cuiadense,  87. 
Epiblast,  16,  50. 
Epidermis  (ectoderm),  55. 
Epigenesis,  13. 
Epimera,  309. 
Epizoa,  272. 
Equide,  21. 
Ergasilos,  276. 
Eristalis  floreus,  428. 
Errantia,  235,  237. 
Ervilia,  105. 
Estheria,  285,  287. 
Euazes,  226,  666. 
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Eoglenm  viridia,  97. 
Eapbaiuia,  855. 
£uplecteiU,  120. 
Eorypterida,  266,  268. 
Euryptenifl  remipes,  267. 
ETolutioD,  38. 

F. 

Famiueb,  17. 

Fauna,  oldest  known,  75.  See 
Foasils. 

Faunae,  dissimilar,  19. 

Fecundation,  30, 31. 

Ferns,  15. 

Fibrospongia,  118-120. 

Fishes,  60-66. 

Firii-lice,  272, 

Fission,  27. 

Flagellata,  95-102. 

Flagellum,  76. 

Fleas,  425. 

Flies,  425. 

Florae,  diesimilar,  19. 

Florideee,  29, 30. 

Flower-buds,  15. 

Food-vacuole,  96. 

Food-yelk,  28. 

Foraminifera,  46,  71,  81-87,  91, 
98,  671. 
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distribution,  &c.,  19,  20,  38, 41, 
70,  74,  86,  151,  171,  258,  290, 
301,  358, 367, 397, 486,  517, 586, 
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—  Cambrian,  87. 

—  carboniferous.  593. 

cretaceous,  87, 120, 486. 

devonisA,  287,  504,  536. 

laurentian,  87. 

lias,  542, 

limestone,  86,  87, 171. 

—  nummulitic,  86. 

Silurian,  87,  151,  266,  287, 

461,  503,  509,  593. 
-^-  Solenhofen  slate,  151, 

trias,  542. 

Fowl,  80. 

Fringing-reeft,  168. 

Functions,  22,  54. 

Fungi,  4,  14,  23,  29,  36,  43,  44. 

Fungidae,  163,  169. 


a. 

Galeodes,  378. 

Gamogenesis,  28. 

Ganoids,  61. 

GasteroiMMla,  470,  504. 

Gasterostomnm,  206. 

Gasterotricha,  192. 

Gostrsea,  50. 

Gastropbysema,  116, 119. 

Gastrola,  116. 

Gecarcinus,  340. 

Gemmation,  27,  613. 

Generation,  26-28. 

Genus,  17. 

Gephyrea,  59,  214,  245, 667,  670, 

G«ryonia,  665. 
Geryonidae,  128, 150. 
Glass-crabs,  356. 
Globigerina,  39,  84-87. 
Glossocodou,  126. 
Gnathites,  256,  270. 
Gomphonema,  79,  lOS. 
Gonodactylus,  870. 
Graafian  follicles,  68,  442. 
Graptolites,  151. 
Gregarina,  76,  92,  93. 

gigantea,  93,  94,  108. 

Gregc^nidae,  92-94,  671. 
Gromia,  82. 
Gromidae,  83. 

Growth  of  animals  and  plants,  2. 
Gymnolaemata,  459. 
Gymnopbthalmata,  129. 
Gymnosomata,  508,  509, 510. 
Gyrodactylus,  206. 


Hauotu,  493. 

Haliphysema,  116, 119. 

Balisarca,  116,  120. 

Heat,  eff«ct  of,on  liTing  matter,  3. 

Hectoootylus,  538. 

Heliddae,  516. 

Heliopora  caerulea,  165. 

HeUozoa,  659, 671. 

Helix,  499, 515. 

pomatia,  517. 

Hemiptera,  422,  423. 
Hereditary  transmission,  32, 40. 
Hermaphrodites,  207,  217,  224, 
255,  481,  515,  564, 644. 
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Heteromorphse,  72. 
HeteronereiB,  245. 
Beteropoda,  494,  497^  512. 
Heterotricha,  102. 
Hezacoralla,  162,  164. 
llipparitide,  486. 
Birudinea,    214.    218,  242,  248, 

666.  672. 
Birudo  medidnalis,  215,  216. 
Bistology,  9. 
BistriobdelU,  214-217. 
Bolomyaria,  641. 
Bolothuria,  171. 
Bolothuridea,  59,  54S,  545. 
BolotrichA,  102. 
Bomarus,  68. 
Bamming  of  insects,  255. 
Byalonema,  120. 
Bydatina  senta,  189. 
Bydra,  56,  63,  65, 126, 129,  685. 
Bydractina,  67, 126, 
Bydranth,  120. 
Bydrophilos  piceiis,  424. 
Bydropbora,  129,  ISO,  146. 
Bydrophyllia,  128. 
Bydrosoma,  127, 128. 
Bydrotheca,  128. 
Bydrosoa,  38,  34,  67,  116,  120, 

146-152,172,173,671,672. 
Bymenoptera,  428. 
Bypoblast,  16,  50. 
Bypotrieha,  102. 


ICBTHTOPSIBA,  58. 

Idoteidfle,  364. 

Imperforata,  83. 

Impregnation,  28. 

Inarticulata,  469. 

Infusoria,  5, 14,  30,  43,  46,  77,  79, 

95-97,  101,  106-113, 176,  660, 

671. 
—  eiliata,  95. 

flagellata,  95, 96. 

— —  tentaeulifera,  95. 

Insecta,  15,  59,  69, 256,  366,  897, 

432-449,  670. 
Insectivorous  plants,  42. 
Integumentary  organs,  55. 
Invertebrata,  morpbologiGal  types 

among,  48. 
Isocordia,  473. 


Isopoda,362. 
lulus,  396,  397. 
Ixodes  xidnus,  382. 

J. 

Janzllida,  514. 
Jaws,  56. 
Jelly-fishes,  ISO. 


Labium,  in  insects,  230. 

Lacinularia,  190,  191, 193. 

Lsmodipoda,  362, 366. 

Lamellibranchiata,  470,  472,  670. 

Lampyris  splendidola,  440. 

Laomedea,  131. 

Larvae,  68^  69, 186,  191,  192,  203, 
243,  283,  296,  369,  385, 393,424, 
430,  435,  436,  448-451, 467, 469, 
544,  643, 664,  680. 

Leeches,  214,  666. 

LepadidflB,  299. 

Lepas,  291-299. 

australis,  296. 

Lepidoptera,  425,  436,  438,  448. 

Leptoplana,  182. 

Lernssa,  276. 

Lemeodiscus  poroeUanae,  302. 

Leucifer,  346. 

Leuoones,  115, 120. 

Lice,  421. 

Lieberkiihnia,  82. 

Ligula,  207. 

Lima,  475. 

Limacidse,  514. 

Limaz,  493, 498,  499. 

Limnetis,  283,  285. 

braohyurus,  286. 

Limpets,  511. 

Limulus.  259-269,  374. 

moluccanus,  261. 

polyphemus,  264. 

Linens,  186. 

Linguatula,  371,  388. 

Lingula,  462.  466. 

Lithocysts,  126. 

LituitidA,  83. 

Living  matter, properties  of,  1-41. 

Lobster,  303. 

LocustidflB,  440. 

Lozosoma,  459,  485,  668. 
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Luoenmria,  184,  U7, 153. 
Lumbrious,  219-221. 
LuiigB,60. 
Lymiueiu,  497,  500. 
paluBtris,  49S. 


BIacbobiotijs  SchnltMi,  986. 
Biaerostomum,  178. 
Macnira,  324,  338-346. 
Madrepores,  164. 
Madreporite,  570. 
Magosphnnb,  94, 95. 
Ma£uM)bdella,  214-217,  666,  672. 
MaUcofeollcea,  674,  679. 
MalaooBtraca,  256,  302. 
Malacosoio  series,  679. 
MaHophaga,  420,  421. 
ManuDrium,  127. 
Mastigopods,  76. 
Meaodrina,  169. 
Medussfr,  34, 120, 126-129,  672. 
Megalopa,  349,  350. 
Meromyaria,  641. 
Meroatomata,  256,  260. 
Mesoblast,  16. 
Mesoderm,  56. 
Mesotrooha,  248. 
MeaoBoa,  676. 
Metabola,  419. 
Metamorphosis,  68,  449. 
Metaaoa,  47,  50-58, 110,  120, 187, 

193,  676,  682,  685. 
Microstomum,  184. 
MiUolidie,  83. 
Millepores,  165,  168, 171. 
MUUpedes,  391. 
Mites,  382. 
Moisture,   effsot   of,    on   living 

matter,  3. 
Molar  motion,  23. 
MoUusca,  55-62,  67,  452,  470,  669, 

670,  679. 
Monads,  36,  37, 44,  81,  90,  95,  96^ 

Monera,    76,  81,  90^    671,    677, 

681. 
Monomyaria,  480. 
Monostomom  mntabile,  S02. 
Morphological  species,  17. 
Morphology,  9 
Morula^  47. 


Moths,  80. 
Mucor,  92. 
Munna,  858. 
Muscular  tissue,  28, 25. 
Mussel,  474,  483. 
Mygaie  Blondii,  381. 
— '—  csementaria,  379. 
Myriapoda,  59,  256,  399, 67a 
Mysis,  336,  846,  850,  367. 
Mytilus,  476,  486. 
Myzastrum,  79,  92. 
Myxodiotyiun,  78,  79,81. 
Myxemycetes,  5,  44,  92. 
Myxopods,  76,  78, 87,  88. 
Myxoepongiae,  119. 
Myiostomata,  627,  672. 

N. 

Nab,  219, 220. 
Naked-eyed  mednsc,  129. 
Nauplius,  266,  271,  283,  290, 296- 

30S,  347-349,  354,  367, 385, 8S7. 
Nautilus,  66,  71,  521-542. 
NebaUa,  277,  283,  285. 
Nematoidea,  29,  636,  678. 
Nematophores,  131. 
Nemalorhyncha,  665. 
Nematoscolioes,  678, 678. 
Nemertidte,  186. 
Neomenia,  668. 
Nephelis,  218. 
Nerve,  23,  25. 
Nervous  system,  68. 
Nenroptera,  425, 436,  438 . 
Noetilttca,  44,  96-99. 
Notodelpbys,  276,  277. 
Notommata  tardigrada,  192. 
Nova  Scotian  coal  fossils,  397. 
Nucleus,  11,46^77. 
Nucula,  475,  485. 
NudibranchUta,  494,    510,  511, 

671. 
Nullipore,  168. 
Nummulites,  84. 
Nyctotherus,  106, 106. 

O. 

OOTOOOBALLA,  159,  168. 

Octopoda,  528,  537. 
Odontophora,  470, 486,  488,  670. 
Oligochieta,    68,    214,  219,  225, 
226,  242,  243,  672. 
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Onehidam,  6U 

Oniscidee,  366. 

Oniscus,  250,  362. 

Ophiodea,  131. 

Ophiolepis  dliata,  565. 

Ophiuridea,  543,  562. 

Ophrydida,  109. 

Opisthobranchiata,  510. 

OpiBthomum,  179. 

Orbulina,  84. 

Orders,  17. 

<«  Organiaed,**  meaning  o£  8. 

Organa,  24  65,  67. 

Origin  of  hving  matter,  89. 

"  Origin  of  Species,"  35. 

Orthide,  470: 

Ortboptera,  422,  436,  438, 443. 

Ossicula  auditufl,  67. 

Ostracoda,  252, 287. 

Ostrsa,  475-486. 

Oviparous  animals,  69. 

Ovoviviparous  animiUs,  69. 

Oxidation,  waste  of  living  matter 

by,  2. 
Oxyuris,  639. 
Oyster,  475. 

P. 

Paqubid^  346. 

Palseooydus,  171.  ' 

Paleeontoloc^.  ^Fossils. 

Palinurus  vulgaris,  339. 

Paiadina,  204^  495,  497. 

Pangenesis,  40. 

Paramoecium,  47, 104-109. 

Parasites,  43, 69, 193, 205, 206-207, 
212,  272,  276,  277,  291, 301,  364, 
384,  888, 421,  450, 484,  513  634. 
646. 

Pastem^s  experiments,  4, 6. 
atellidse,  511,  517. 

Pecten,  475-485. 

Pectostraca,  290. 

PedaUon,  192, 198. 

Pedicellina,  668^  680. 

Pedicels,  53. 

PedicoUna,  420,  421. 

Pelagia,  146, 147. 

Peltogaster  psguri,  802. 

Peneus.  347, 349. 

Peniciliium,  43. 

Pennatolide,  161. 


Pentacrinns,  584. 
Pentastondda,  257,  388,  670. 
Pentastomum  tsnioides,  388,  389. 
Pentremites,  594. 
Perennibranchiata,  59. 
Perforata,  83,  163-167, 171, 172. 
Peridinece,  81,  99, 100. 
Peripatidea,  257,  624, 670. 
Peritricha,  102, 103^  109. 
Perla  nigra,  422. 
Peroniadn,  513. 
Peronia  verraculata,  517. 
Peronospora,  43,  44. 
Phalangidse,  379. 
Phallusia,  601,  607. 
Pharyngopneusta.  674. 
Pharyngopneustal  series,  679. 
Pholas,  472,  475,  485. 
Phoronis,  248. 
Phrosiua,  364. 
Phrvnide,  379. 
Phylaotolffimata,  668. 
Phyllodoce,  243. 

vjridis,  240. 

Phyllopoda,  277. 
Phyllosomata.  355, 356. 
Phylogeny,  41. 
Physalia,  125, 142, 143. 
Pbysemaria,  645,  671,  672,  685. 
Physiology,  1,  9,  22. 
Pbysophoridce,  128,  141-145. 
Pilidiam  gyrans,  185, 186. 
Pisidium,  483. 
Placenta,  69, 109. 
Plagiostome  fishes,  69. 
Planaria,180,218,672. 

dioica,  180. 

Plants,  27,  29,  42,  71. 
Pleurobranchia,  173,  174. 
Pleorodictyon,  172. 
PlomateUa  repeus,  453,  454. 
Plomularide,  130. 
Pocillopora,  165. 
Podophrya  fixa,  101. 
Podophtbalmia,  263, 303. 
Poduridse,  444. 
Pcecilopoda,  26a 
Polian  vesicles,  546,  564. 
Polyarthra,  192. 
Polycelis,  218. 
~^— ^~  IflBviffata*  181 
Polycbeta,  68,  214,  226,  237,  672. 
Polycistina,  88. 
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Polvgordiiu,  67S« 
Polykricos,  1()4. 
PolymyarU,  641. 
Poljnfe,  227. 

lunulata,  239. 

— ^  squamata,  227-237, 241. 
Polyophthalmus,  227,  241. 
Polypes,  27,  64, 120. 
Polypide,  453. 
Polypite,  120. 
PoIypUusophonk    501,   502«    506, 

670. 
Polyzoa,  52,  56, 452, 453,  668, 674. 
Polyzoarium,  453. 
Pontellidie,  271, 368. 
Poiifera,  50,  55,  63,  110, 119,  671. 
Porpita,  50,  140. 
Porltes,  168. 
Prawn,  347. 
PriapuluB,  246. 
Primordial  utricle,  12. 
Proctacha,  177, 183. 
Productidn,  470. 
Proglottis,  211. 
Prosobranchiata,  511,  512,  517. 
Protamoeba,  78,  79,  91-95. 
Protein,  1. 

Proteolepas  biTinct%  300. 
Proteus,  61. 
— ^  animalcales,  92. 
Protococcus,  5, 1 1. 
Protogenes,  78-82,  91,  95. 
Protomonaa,  81,  90,  95. 
Protomyza  aorantiaca,  80. 
Protoplasm,  1,  7. 
Protoplasta,  91,  671. 
Protozoa,  36,  45-47,  54,  62,  63, 76, 

110,111,117,671. 
Protozoic  series,  677. 
Piotula,  235,  244. 

Dysteri,  236. 

Provinces  of  distribation,  19. 
Pseud-hiemal  system,  57. 
Pseudo-filaria,  94. 
Pseudo-navieella,  93. 
Pseudophyllidea,  212. 
Pseudopodia,  25,  76,  78. 
Pseudo-scorpions,  378. 
Psychology,  1. 
Pteropoda^  59,  71,  470,  494,  604, 

506. 
PterygotuB,  266. 
PulioidflB,  443. 


Palmogasteropoda,  60,  49^  506. 
Pulmonaiy  sacs,  60. 
Pulmonata,  493-500, 513. 
Pulvinularia,  84. 
Pupipara,  427. 
Pycnogonida,  385,  670. 
Pyrofloma,  600, 617. 
— — >  giganteum,  610. 


BADTOI.ABIA.  5, 44-46,  71,  84-^8, 

106,660,671. 
Redia,  202,  206. 
Reef-builden,  167. 
Renierinse,  119. 
Reproductive  system,  67. 
Respiratory  system,  58. 
Rhabdoccela,  178. 
Rhabdopleura,  460. 
Rhaohis,  640. 
Rhizooephala,  290, 301. 
Rhizocnnus  lofot^nsis,  581. 
Rhizostomidae,  136. 
Rhodope.496. 
Rhopalodina,  549. 
RhynchocoBle  Turbellaiia,  184. 
Rhynohonella,  463,  465. 
Rhynchonellide,  470. 
Rock-builders,  85. 
Rotalia,  82. 
Rotifera,  5,  56,  57,  95,  176, 182, 

187,  672. 
Rugosa,  165, 166, 171. 


Saocouna  purpurea,  302. 
Sagitta,  71,  632,  675 
Salpa,  33,  600,  605,  620,  621. 
Salpingoeca,  96. 
Sarsia  prolifera,  132. 
Sazioava,  475. 
Scallop,  475. 

Soalpellum  vulgare,  299-901. 
Sca^opoda,  501-505. 
Schizocoele,  51,  52, 250. 
Schizopoda,  338,  346. 
Scolopendra  borbonica,  391. 

Hopei,  392. 

Scorpio  afer,  372. 
Scorpions,  60,  371, 375. 
Scrapooellaria,  456. 
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Seyllaruf,  839. 

Sea  anemones,  120. 

Sensitiye  plant,  42. 

Sensory  organs,  28. 

8epiad»,  520,  528,  540,  542. 

Sepia  officinalis,  518-529. 

Serial  relations  of  invertebrata, 

676. 
Serpulidae,  235,  244. 
Sertolaridse,  128, 129. 
Shrimp,  350. 

Sipbonophora,  129,  140, 147-149. 
Sipunculus  niidus,  247-249. 
Snail,  515. 

Solenhofen  slates,  151. 
Somatoplenre,  57. 
Somites,  227. 
Sounds  from  insects,  437. 
Spatangoida,  570. 
Spermatophores,  529. 
SphsBromidse,  364. 
Sphserozonm  ovodimare,  89, 90. 
-  ^«-  punctatum,  89. 
^Sphinx  ligustri,  426. 
Spiders,  379. 
Spiriferidse,  470. 
Spirillnm  yolutans,  4. 
Spirorbis,  235. 
Spirostomnm,  105. 
Spirulids,  540. 
Splanchnoplenre,  57. 
Spongida,  110,  663. 
Spongilla,  113-120. 

fluviatilis.  111,  116. 

Sporocysts,  206. 

Springs,  hot,  living  things  in,  7. 

Squids,  540. 

Squilla,  361,  369. 

scabricauda,  368, 369. 

Star-fish,  553. 
Stentor,  108. 

,  Stephanoceros,  187,  191. 
Stemaspis,  245. 

Stigmata,  60,  377,  394^  413, 435. 
Stings  of  insects,  432. 
Stomatopoda,  272,  367. 
Stone  corals,  165. 
Strepsiptera,  431, 450. 
Strombidium,  104. 
**  Struggle  for  ezistenoe,"  26. 
StyUfer,  5ia 
Stylonychia,  106. 
Stylops  aterrimus,  450. 


Sun-animalcule,  87. 

Sundew,  42. 

<<  Survival  of  the  fittest^"  40. 

Sycandra  raphanus,  664. 

Syoon,  120. 

—  dliatum,  115. 

Sym8,244.' 

vittata,  240. 

Synapta,  513,  545. 

digitata  and  Inhsrens,  548. 

Syncytium,  113. 
Syrphus  ribesii,  427. 

T. 

Tabitlata,  163,  165, 166, 167. 
Taenia,  207-213. 
Tape-worms,  206. 
Tardigrada,  257,  387,  670. 
Taxonomy,  10,  16,  656. 
Teeth,  56. 

Tegumentary  aystem,  55. 
Telotrocha,  186. 
Temperature  in  relation  to  living 

matter,  3,  37. 
Tentacula,  50. 
Tentacuiifera,  100. 
Terebratula,  38. 

psittaceo,  38. 

Terebratulids,  470. 
Terebratullna       septentrionalis, 

465. 
Teredo,  472-486. 
Testacellidae^  514. 
Tetrabranchiata,  532. 
Tetraphyllldea,  212. 
Tetrarhynchus,  207, 212. 
Tetrastemroa,  183,  184. 
Teuthidce,  528,  540.  542. 
ThecoBomata,  f.07,  508,  5ia 
Thysanopoda,  346. 
Thysanura,  252,  420. 
Ticks,  382. 
Tissues,  10. 
Tomopteris,  235. 
Torquatelia,  105. 
Torula,  36. 
TrachesB,  59. 
Tracheo-branchioB,  252. 
Trachynemata,  149. 
Tradescantia  hair,  78. 
Trematoda,  53,  57,  176,  193,  207- 

213,  217,  672. 
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TiemoctopiiB,  589. 

Triarthra,  192. 

Trichinm,  643. 

TriohocvBtB,  105. 

Triehodlde,  109. 

Trichodina  grandinellA,  lOS. 

TrJehosooIices,  673,  678. 

Trigonia,  71,  485. 

Trilobita,  252,  256,  258,  670. 

TrochuB  cinei^uB,  489. 

Tubioola,  235. 

Tabifex,  219,226. 

Tubipora,  163. 

Tubalarida,  129, 146. 

TuDicata,  52,  55,  60,  69,  595,  674, 

679. 
Turbeilaria,  43, 51, 56-62, 67, 176, 

671,  672. 
TyloB,  365. 

Types,  morpholo^eal,  48. 
TyphloM>le,223,604. 

V. 

Unio  pictonun,  488. 
UropotoUo  878tem,  62. 

yAai]ni]:.im,  500. 
Yampyrttlla,  79, 103. 
Vaneua  atalanta,  426. 
Velella,  140. 
Ventriculites,  120. 
Veroiiieellid«,  513. 
Vertebrata  and  InTcrtebnte,  48. 


Yibneola,  456. 
y  ibrionids,  95. 
Vital  force,  9. 
ViviparouB  animala,  69. 
VolTodnesp,  95. 
VoItox,  95,  678. 

Vortioellids,  5,  30,  47,  63^  66, 
100-109. 

W. 

Waldhsihia,  463. 

attStraHs,  ^4. 

Waste  of  living  matter,  3. 
Water  in  liviog  matter,  2. 
Willsia,  132. 
Wolffian  duct,  62. 


XiraoBGRA,  260,  266. 


Y. 


YvAt,  4. 
Teait-plant,  43. 


ZcBA,  349,  350. 
Zoanthide,  1^  168. 
Zoanthodeme,  iS3u 
Zoological  chronology  and 

grapiy,7a 
Zoopsia,  671. 
Zoophyiie  icrici,  678. 
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The  Student  s  Guide  to   Human  Osteology.      By 

W.  W.  Waqstaffe,  F.R.C.S.    With  23  Lithographic  Plates  and 
66  Wood  flngraTings.     Fcap.  670.,  10s.  6d. 

3Ianual  of  Dental  Anatomy  and  Physiology.     By 

C.    S.   Tomes,    B.A.,  M.B.C.S.      With    uimeroiu    Engrayings. 
Grown  Syo.,  10«.  Sef. 
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FLO TF^iJ.— -Diagrams    of   the    Nerves    of    the 
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Surgeon  to,  and  Lecturer  on  Anatomy  at,  Bt.  Thomaa's  HuspitL 
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Anatomical    Remembrancer    (the) ;    or,    Com 

plete  Fooket  Anatomist    Eighth  Edition.    82mo,  Ss.  6d. 

NEW  BURLINGTON  STREET. 


J.  §•  A.  Chiirchiirs  Medical  Class  Books. 


BOTANY. 
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Professor  of  Chemistry  in  King*s  College.  With  93  Engravings. 
Seventh  Edition.    Fcap.  8vo,  6s.  6d. 

NEW  BURLINGTON  STREET. 

8 


J.  4*  A,  ChurchilFa  Medical  Class  Books. 


CHEMISTBY — continued. 
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YictoriA  Hospital  for  Sick  Children.  With  a  Foxmnlary.  Third 
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Btkixsr,  M.D.  Translated  from  the  Second  Qerman  Edition,  by  Lawsos 
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^'J[f7TZr.— Handbook   of   Dental    Anatomy   and 

Sorgery.  For  the  Use  of  Stadents  and  Practitioners.  By  Joiik  Smith, 
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TAFT.—A    Practical     Treatise    on     Operative 

Dentistry.  By  Joxathak  Taft,  D.D.S.,  Profeoor  of  OperatiTe  SnxgiEiT 
in  the  Ohio  College  of  Dental  Surgery.  Third  Edition.  With  lU 
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With  179  Engravings.    CroTrn  8vo,  lOs.  6d. 
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logy, and  Disease*.  A  Practical  Treatise  for  the  Use  of  Medintl 
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DALBY. — On  Diseases  and  Injuries  of  the  Ear. 
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pital.   With  46  Engravings.    Crown  8vo,  Cs. 
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O(?iST0iV. —Lectures  on  Medical  Jurisprudence. 
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Forensic  Medicine  and  Toxicology.  By  W.  Bathurst  Woodman,  M.D., 
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PARKES.—A    Manual    of    Practical    Hygiene. 

By  Edxuxd  a.  Pabksd,  M.D.,  F.R.8.  FifOi Edition  bj  F.  Dk  Cajjowm, 
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School.    Grown  8to,  Ss.  0d. 


MATERIA  MEDICA  AND   THERAPEUTICS. 
BINZ  AND  SPARKS,— The  Elements  of  Thera- 

peutica:  a  Clinical  Onide  to  the  Action  of  Medicxnea.  By  C 
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in  oooformity  with  the  British  and  American  Fharmacopoaias,  bj 
Edward  I.  Spabxs,  M.A.,  M.B.  Oxdn.,  F.R.C.F.  Lond.  Crown  8ro, 
88.  ed. 

ROYLE  AND  HARLET,—A  Manual  of  Materia 

Medica  and  Therapeutics.  By  J.  Fobbkb  Boylk,  H.D.,  F.B.8.,  tia- 
merly  Frofeflsor  of  Materia  Medica  in  Eisg's  College ;  and  Johx 
Hablby,  M.D.,  F.R.C.F.,  Physician  to,  and  Joint  Lecturer  on  QiBioal 
Medicine  at,  St.  Thomas's  Hospital.  Sixth  Edition.  With  139  EngraT- 
ings.    Crown  Sro,  l&s. 

THOROWGOOD. --The     Student's     Guide     to 

Materia  Medica.  By  John  C.  Thorowqood,  M.D.,  F.R.C.F.,  Leetazer 
on  Materia  Medica  at  the  Middlesex  Hospital  With  EngxaTiags, 
Foap.  8vo,  6s.  6d. 

WARING.— A  Manual  of  Practical  Therapeu- 
tics. By  Edwabd  J.  Waring,  M.D.,  F.R.C.P.,  Retired  Soxgeon  H.M. 
Indian  Army.    Third  Edition.    Fcap.  8vo,  Ite.  6d. 
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MEDICINE. 
BARCLAY. — A   Manual   of  Medical   Diagnosis. 

By  A.  Whyts  Barclay,  M.D.,  F.B.C.P.,  Fhysioian  to,  and  Lecturer  on 
l£edioine  at,  St.  George's  Hospital.    Third  Edition.    Foap.  8to,  10b.  6d. 

BARLOW,—^     Manual     of    the     Practice      of 

l£edicine.  By  Hila£o  Barlow,  M .D.,  Formerly  Senior  Fhysietan  to 
Guy's  Hospital.    Second  Edition.    Fcap.  8vo,  78. 6d. 

CHABTERIS.— The     Student's    Guide    to     the 

Practice  of  Medicine.  By  Matthbw  Chartbbis,  M.D.,  Professor  of 
Praetioe  of  Medicine,  Anderson's  (Tollege ;  Physician  and  Lecturer  on 
Clinical  Medicine,  Boyal  Infirmary,  Glasgow.  With  Engravings  on 
Copper  and  Wood.    Second  Edition.    Fcap.  8vo,  8s.  6d. 

FENWICK— The  Student's  Guide  to    Medical 

Diagnosis.     By   Sauubl  Fbxwick,  M.D.,  F.B.C.P.,  Physician  to  the 
London  Hospital.    Fourth  Edition.    With  106  Engravings.    Fcap.  8vo, 
.    as.  6d. 

By  the  same  A  uthor. 

The  Student's  Outlines  of  Medical  Treat- 
ment.  Fcap.  8vo.,  7b. 

FLINT. — Clinical  Medicine  :  a  Systematic  Trea- 
tise on  the  Diagnosis  and  Treatment  of  Disease.  By  Auhtix  Flint, 
M.D.,  Professor  of  the  Principles  and  Practice  of  Medicine,  &c.,  in 
BelleTue  Hoepital  Medical  College.    8vo,  aOs. 

By  the  same  A  uthor. 

A  Manual  of  Percussion  and  Auscultation  ; 

of  the  Physical  Diagnosis  of  Diseases  of  the  Lungs  and  Heart,  and 
of  Thoracic  Aneurism.    Post  8vo,  6h.  6d. 

i/ilXZ.— Synopsis  of  the  Diseases  of  the  Larynx, 

Lungs,  and  Heart :  comprising  Dr.  Edwards'  Tables  on  the  Examinar 
tion  of  the  Chest.  With  Alterations  and  Additionei.  By  F.  Dk 
Havillavd  Ball,  M.D.,  Afisistant-Physician  to  the  Westminster 
Hospital.    Boyal  8vo,  2s.  6d. 
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MIDWIFERY. 

BARNES. — Lectures  on    Obstetric   Operations, 

inchidiBg  the  Treatment  of  HsBmorrhage,  and  fomdag  a  Guide  to  tbe 
Management  of  DiMcult  Labour.  By  Bobbet  Bakxbs,  M.D.,  F.B.C.P., 
Obbtetric  Fhyrician  to,  and  liectuxer  on  Diaeasen  of  Women,  Ac,  at  St. 
George's  Hospital.    Third  Edition.    With  124  Engravings.    Sro,  1^. 


CLAY.— Tht   Complete  Handbook  of  Obstetric 

Surgery ;  or,  Short  Rules  of  Practice  in  every  Emergency,  from  th« 
Simplest  to  the  mofrt  formidable  Operations  connected  with  the  Sdenee 
of  Obstetricy.  By  Charlks  Clay,  M .D.,  late  Senior  Surgeon  to,  and 
Lecturer  on  Midwifery  at,  St.  Mary's  Hospital,  Ikfonchestear.  Third 
Edition.    With  91  Engravings.    Fcap.  8vo,  6s.  6d. 


BAMSBOTHAM.— The  Principles   and   Practice 

of  Obstetrio  Medicine  and  Surgery.  By  Fbaxcxs  H.  Ramsbotiiak,  M.D.. 
formerly  Obstetric  Physician  to  the  London  Hospital.  Fifth  Editioa. 
Illustrated  with  liO  Plates,  forming  one  thick  handsome  volume.  8to, 
22s. 


ROBERTS.— The  Student's  Guide  to  the  Practice 

of  Midwifeiy.  By  D.  Lloyd  Robbbts,  M.D.,  F.B.C.P.,  Physician  to 
St.  Mary's  Hospital,  Manchester.  Second  Edition.  With  96  Engrav- 
ings.    Fcap.  6vo,  78. 


SCHROEDER.—A  Manual  of  Midwifery ;  includ- 

ing  the  Pathology  of  Pregnancy  and  the  Puerperal  State.  By  Eabl 
ScHBOBDBR,  M.D. ,  PTofessor  of  Midwifeiy  in  the  Univendty  of  Erlangen. 
Translated  by  Charles  H.  Cartbb,  M.D.  With  Engravings.  8to, 
lis.  8d. 


S WAYNE. -Obstetric  Aphorisms  for  the  Use  of 

students  commencing  Midwifery  Practice.  By  Joskph  G.  Swats  r. 
M.D.,  Lecturer  on  Midwifery  at  the  Bristol  School  of  Medicine.  Sixth 
Edition.    With  Engravings.    Fcap.  8vo,  Se.  8d. 
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MICEOSCOPT. 

CARPENTER.— The  Microscope  and  its  Revela- 

tioni<.  By  William  B.  Carpsxtbr,  C.B.,  M.D.,  F.R.S.,  late  Registrar 
to  the  University  of  London.  Fifth  Edition.  With  more  than  50O 
Engravings.    Crown  8vo,  IBe. 

MARSH, — Section-Cutting  :    a   Practical  Guide 

to  the  Preparation  and  Mounting  of  Sections  for  the  Microscope,  special 
prominence  being  given  to  the  subject  of  Animal  Sections.  By  Dr. 
Sylvestsb  Marsh.    With  Engravings.    Foap.  8vo,  28.  ed. 

MARTIN. — A  Manual  of  Microscopic  Mounting. 

By  JoHK  H.  Mabtix,  Member  of  the  Society  of  Public  Analysts,  Ac. 
Second  Edition.     With  several  Plates  and  144  Engravings.    8vo,  78.  Od. 

WYTHE.— The    Microscopist :     a     Manual    of 

Microscopy  and  Compendium  of  the  Microscopic  Sciences,  Micro- 
Mineralogy,  Micro-ChemiBtry,  Biolc^y,  Histology,  and  Pathological 
Histology.  By  J.  H.  Wtthi,  A.M.,  M.D.,  Professor  of  Microscopy  and 
Biology  in  the  San  Frandsco  Medical  College.  Third  Edition.  With 
20ft  Illustrations.    Royal  8vo,  ISs. 


OPHTHALMOLOGY. 
HIGG ENS.— Hints  on  Ophthalmic  Out-Patient 

Practice.  By  Charles  Higobxs,  F.R.C.S.,  Ophttalmic  Aasistant-Sur- 
geon  to,  and  Lecturer  on  Ophthalmology  at,  Guy's  Hoepital.  Second 
Edition.    Fcap.  8vo,  8s. 

JONES. — A     Manual    of    the    Principles     and 

Practice  of  Ophthalmic  Medidne  and  Surgery.  By  T.  Whartok  JoNiSt 
F.R.C.8.,  F.R.S.,  Ophthalmic  Surgeon  and  Professor  of  Ophthalmology 
to  University  College  Hospital.  Third  Edition.  With  9  Coloured 
Plates  and  178  Engravings.    Fcap.  8vo,  ISs.  6d. 

MACNAMAEA. — A  Manual  of  the  Diseases  of 

the  Eye.  By  Charleh  Mackamara,  F.R.C.S.,  Surgeon  to  Westminster 
Hospital.  Third  Edition.  With  7  Coloured  Plates  and  62  Engravings. 
Fcap.  8vo,  12i.  6d. 
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OPHTH  AlaMOIaO  QY — corUintiecL 
NETTLESHIR— The  Student's  Guide  to  Diseases 

of  the  Eye.  By  Edwa&d  Nbttlkship,  F.R.C.8.,  Ophthalinic  Suikoou 
to,  and  Lectuor  on  Ophthalmic  Bnigery  at,  St.  Thomaa*8  HbapitaL 
With  46  EngravingB.    Fcap.  8vo,  78.  ed. 

WELLS,  —A  Treatise    on   the   Diseases   of  the 

Eye.  By  J.  Soblbrrg  Wklls,  F.Il.C.6.,  Ophtiiahnic  Suigeon  to  Eiag's 
College  Hoopital,  Ftof  euor  of  Ophthalmology  at  King's  CoOfige.  With 
Coloured  Plates  and  Bngravinge.    Third  Edition.    Svo,  tfe. 


PATHOLOGY. 
JONES  AND  SIEVEKING.—A  Manual  of  Patho- 

logical  Anatomy.  By  C.  Handfibld  Jonbs,  M.B.,  F.B.8..  Fhysieian  to 
8t.  Hary's  Hospital,  andEowABD  H.  Sibtbkiko,  M.D.,  F.B.C.P.,  Thyd- 
dan  to  St.  MaiyB  Hospital  Second  Edition.  Edited  by  J.  F.  Patbb, 
M.6.,  Aamwtant-PhyBidan  and  Lecturer  on  Qenenl  Pathology  at  8t. 
Thomas's  Hospital.    With  196  EngravingB.    Crown  8?o,  Ifla. 

VIRCHOW.  —  Post-Mortem    Examinations :    a 

DeHcription  and  Explanation  of  the  Method  of  Perfonning  them, 
wiUi  especial  reference  to  Hedioo-Legal  Practioe.  By  Professor 
BuDOLPH  Vibcuow,  Betlin  Charity  HospitaL    Fcap.  8^0,  to.  <Sd. 

WILKS  AND  MOXON.—L,ect\iTes  on  Pathologi- 
cal Anatomy.  By  Samubl  Wilks,  M.D.»  F.B.8.,  Physician  to,  and* 
Lecturer  on  Medicine  at,  Guy's  Hospital ;  and  Waltbb  Mozoji,  M.D.. 
F.B.C.P.,  Physician  to,  and  Lecturer  on  Clinical  Medidne  at,  Guy's 
Hospital.    Second  Edition.    With  6  Steel  Plates.    8vo,ies. 


PSYCHOI.OGY. 
BUCKNILL  AND  TUKE,'-A  Manual  of  Psycho- 

logical  Medicine :  containing  the  Ixmacy  Laws,  Nosology,  .£tiolagy« 
Statistios,  Description,  Diagnosis,  Pathology,  and  Treatment  of  Insanify, 
with  on  Appendix  of  Cases.  By  Johk  C.  BccKyiLL,  M.D.,  F.B.B., 
and  D.  Hack  Tl'kb,  M.D.,  F.B.C.P.  Fourth  Edition,  with  IS  Flatei 
(80  Figures] .    8vo,  25s. 
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PHYSIOLOGY.  • 

CABPENTER— Principles    of   Human   Physio- 

logT.  With  3  Steel  Plates  and  871  Engnyings.  By  William  B. 
Cakpkntbb,  C.B.,  ALD.,  P.B.a,  late  Begirtiar  to  the  UniTexsity  of 
Ijondon.    Eighth  Edition.    Edited  by  Mr.  Henry  Power.    8yo,  81b.  ed. 

By  fhe  same  Author. 

A  Manual  of  Physiology.    With  upwards 

of  250  Ulustration^.    Fifth  Edition.    Edited  by  P.  H.  Pn-Sxmi, 
M.D. ,  F.R.C.P.    Cro-wn  8vo.  [In  the  press, 

DALTON, — A  Treatise  on  Human  Physiology  : 

designed  fw  the  nee  of  Stndents  and  PraotitionerB  of  Medicine.  By 
John  C.  Dalton,  M.D.,  Profeaeor  of  Physiology  and  Hygiene  in  the 
College  of  Physicians  and  Snigeons,  New  York.  Sixth  Edition.  With 
316  Engravings.    Boyal  8vo,  SOs. 

FRET,—The  Histology  and  Histo-Chemistry  of 

Man.  A  Treatise  on  the  Elements  of  Ckiinporition  and  Btmcture  of  the 
Hainan  Body.  By  Hbixbich  Fbky,  Professor  of  Medicine  in  Zurioh. 
Translated  from  the  Fonrth  German  Edition,  by  Abtmub  E.  Babkbb, 
Assistant-Surgeon  to  the  University  College  HospitaL  With  OOS 
Engravings.    8vo,  21a. 

BUTHEBFORD.— Outlines   of    Practical   Histo- 

logy.  By  William  Buthsbvobd,  M.D.,  F.E.8.,  Professor  of  the  Intiti' 
tates  of  Medidne  in  the  University  of  Edinborgh  ;  Examiner  in 
Physiology  in  the  University  of  London.  Second  Edition.  With  63 
Engravings.    Crown  8vo  (wiUi  additional  leaves  for  Notes),  6b. 

^^iV^i^^ii^OiV.— Handbook  for  the  Physiological 

Laboratory :  oontaining  an  Expoeition  of  the  fundamental  facts  of  the 
Science,  with  explicit  Directions  for  their  demonstration.  By  J.  Buaooy 
Baxdbbsok,  M.D.,  F.R.S.,  Professor  and  Superintendent  of  the  Brown 
Institution;  E.  KLBiy,M.D.,  F.B.S.,  Assistant-Professor  in  the  Brown 
Institution;  Michakl  Fostsb, M.D.,.F.B.S.,  Preelector  of  Physiolog>' 
at  Trinity  College,  Cambridge ;  andT.  Laudcb  Bbuxton,  M.D.,  F.B.8., 
Lecturer  on  Materia  Medica  at  St.  Bartholomew's  Hospital  Medical 
College,     a  Vols.,  with  123  Plates.    8vo,  24s. 


NEW  BURLINGTON  STREET. 

18 


J.  6(  A,  Churchill's  Medical  Class  Books. 


SUBGEBY. 

BBYANT.  —  A    Manual    for    the     Practice    of 

•  

8arge27.  By  Thomas  Bbyaht,  F.R.C.S.,  Sanson  to,  and  Lectozer  (s 
Surgery  at,  Gay*s  Hospital.  Third  Edition.  With  e72  Eogrraiiog!' 
(nciarly  all  original,  many  being  coloured).    8  vols.    Oovn  8vo,  28s. 

BELLAMY,— The  Student's   Guide  to   Surgical 

Anatomy;  a  Text- Book  for  the  Pass  Examination.  By  Edwak: 
Bellamy,  F.R.O.8.,  Surgeon  to,  and  Lecturer  on  Anatomy  and  Fractiea] 
Burgery  at,  Charing  Groas  Hospital.  With  60  EngiaTings.  Fcap.  8ro. 
6s.  6d. 

CLABK      AND     WAGSTAFFE.  —  Outlines     of 

Burgery  and  Bnrgioal  Pathology.  By  F.  Le  Gbos  Clark,  F.B.C6.. 
F.R.6.,  Consulting  Burgeon  to  St.  Thomas's  and  the  Great  Nortfaea 
Hospitals.  Second  Edition.  Reyised  and  expanded  by  the  AuQtot. 
assisted  by  W.  W.  Wagbtaffs,  F.B.C.S.,  Assistant-Surgeon  to  ^ 
Thomas's  Hospital.    8vo,  lOs.  6d. 

BBUITT.— The     Surgeon's    Vade-Mecum ;    a 

Manual  of  Modem  Surgery.  By  Kobebt  Dbuitt,  F.R.C.8.  Eieresth 
Edition.    With  969  Engravings.    Fcap.  8to,  14s. 

FERGUSSON,—A  System  of  Practical  Surgery. 

By  Sir  William  Fsboubsox,  Bart.,  F.B.C.S.,  F.B.S.,  late  BuiKcon  and 
Professor  of  Clinical  Surgery  to  King's  College  Hospital.  With  46J 
Engravings.    Fifth  Edition.    8vo,  21s. 

HEATH. — A    Manual    of  Minor    Surgery    and 

Bandaging,  for  the  use  of  House-Surgeons,  Dressers,  and  Junior  Ftaeti- 
tioners.  By  Christopukb  Hbath,  F.B.C.8.,  Holme  Professor  oi  Clinicil 
Surgeiy  in  Univereity  CoU^e  and  Burgeon  to  the  Hospital.  Fiflii 
Edition.    With  S3  Engravings.    Fcap.  8vo,  6b.  6d. 

By  the  same  A  uihor. 

A    Course    of    Operative     Surgery:    with 

Twenty  Plates  drawn  from  Nature  by  M.  L£viill£,  and  Coloured 
by  hand  under  his  direction.    Large  8vo,  40b. 

ALSO, 

The    Student's    Guide    to    Surgical    Diag- 
nosis.  Fcap.  8vo,  6s.  6d. 
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SUBGEBY — corUiMied, 
MAUNDER— -Operative    Surgery.     By   Charles 

F.  Macndsb,  F.B.C.8.,  late  Surgeon  to,  and  Leotorer  on  Buigery  at, 
the  London  Hospital.  Second  Edition.  With  164  Eogravinga.  Post 
Sto,  68. 

JPIRRIK— The     Principles     and     Practice     of 

BnrgCTj.  By  William  Pibsik,  F.B.S.E.,  Frofeanor  of  Surgery  in  the 
Univexsity  of  Aberdeen.  Third  Edition.  With  490  EugrsTing.H.  8to,28i!. 


TERMINOLOGY. 
DUNOLISON, — Medical  Lexicon  :  a  Dictionary 

of  Medical  Science,  containing  a  couoiBe  Explanation  of  its  variout* 
Bubjecta  and  Terms,  with  Accentuation,  Etymology,  Synonymea,  ftc. 
By  BoBLKv  DuvGLisoN,  M.D.  New  Edition,  thoroughly  revised  by 
BiCHABD  J.  DuNOLisoN,  M.D.    Boyal  8vo,  288. 

MAYNE, — A    Medical    Vocabulary:     being    an 

Explanation  of  all  Terma  and  Hiraaea  used  in  the  yariouf  Depart- 
menta  of  Medical  Science  and  Practice,  giving  their  Derivation,  Meaning, 
Application,  and  Pronunciation.  By  Robeut  G.  Matkb,  M.D.,  LL.D., 
and  JoHx  Mavhb,  M.D.,  L.B.C.6.E.    Fourth  Edition.    Foap.  8vo,  lOa. 


WOMEN,    DISEASES    OF. 
BARNES,— A  Clinical   History  of  the  Medical 

and  Surgical  Diaeaaea  of  Women.  B;  Bobbbt  Babxbs,  M.D.,  F.B.C.P., 
Obatetric  Phydcian  to,  and  Lecturer  on  Diaeaaea  of  Women,  &c.,  at,  St. 
Oeorge'a  HoapitaL    Second  Edition.    With  X-il  Engrayinga.    Svo,  28a. 

DUNCAN,— QMnizBl  Lectures    on    Diseases   of 

Women.  By  J.  Matthewb  Duncan,  M.D.,  Obatetric  Physician  to  St. 
Bartholomew'a  Hospital.    Svo. 

EMMET.  — The^    Principles    and    Practice    of 

Oyn<BCology.  By  Thomas  Aodis  Emmbt,  M.D.,  Surgeon  to  the 
Woman'a  fioapital  of  the  State  of  New  York.  With  130  Engravinga. 
Boyal  8to,  S4a. 


NEW  BURLINGTON  STREET. 

13 


